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SCHEME OF THE CLASSIFICATION (RECENT FORMS) 

ADOPTED IN THIS BOOK 

Order. 

CHILOGNATHA ( = 

CHILOPODA 

SCHIZOTARSIA . 

SYMPHYLA. 

PAUROPODA 

Order. 

APTERA (p. 180) . 

PROTOTRACHEATA 

Peripatus (p. 1) 

MYRIAPODA 

Family. 

f 

DIPLOPODA)‘ 

V 

POLYXENIDAE (p. 43). 
Glombridae (p. 43). 
Sphaebotheeiidae (p. 43). 
JULIDAE (p. 43). 
Blanjulidae (p. 44). 
Chordeumidae (p. 44). 
POLYDESMIDAE (p. 44). 
POLYZONIIDAE (p. 44). 

r LiTHOBriDAE (p. 46). 
I SCOLOPENDRIDAE (p. 45). 
'l Notophilidae (p. 45). 
I Geophilidae (p. 46). 

Cermatiidae ( = Scutigeeidae) (p. 46). 

ScOLOPENERELLIDAE (p. 46). 

Pauropidae (p. 47). 

INSECTA 

Division, Series, 
or Sub-Order. Family. 

r CampodeidAE (p. 183), 
TRysanura I Japygidae (p. 184). 

(p. 182) 1 jMachii.idae (p. 184). 
I Lepismidae (p. 185). 

Collembola 
(p. 189) 

/ Lipuridae (p. 190). 
- Poduridae (p. 190). 
( S.MYNTHUUIDAE (p. 191). 



X SCHEME OF INSECTA 

Order. 
Division, Series, 

or Sub-Order. 
Fainiiy. Tribe or Sub-Fainiiy. 

' FoiiFIcrUDAE (]). 202). 
Hemimekidae (p. 217). 

IIlattidae 

(p. 220) 

, Ectobiides. 
Phyllodroniiides. 
Nyctiborides. 
Epilam prides. 
Periplanetide.s. 
Panchlorides. 
Blaberides. 
Corydiides. 
Oxyhaloides. 
Perisphaeriides. 
Panestliiides. 
? Geoscapheusides. 

Orthoptera 
cursoria 

Mantidae 

(p. 242) 

ORTHOPTERA 
(p. 198) 

Phasmidae 

(p. 260) 

Acridiidae 

(p. 279) 

fAmorphoscelides. 
Orthoderides. 
Man tides. 

I Harpagide.s. 
Vatides. 

^ Eiupusides. 

Lonchodides. 
Bacunculides. 
Bacteriides. 
Necroscides. 
Clitumnides. 
Acrophyllides. 
Cladomorphides. 
Anisomoi'phides. 
Phasmides. 
A^chipasniides. 
Bacillides. 
Phylliides. 

Tettigides. 
Pneuniorides. 
iMastacides. 
Proscopiides. 
Tryxalides. 
Oedipodides. 
Pyrgonior])hides. 
Panipliagides. 

' Acridiides. 

Orthoptera j 
saltatoria 

LoCUSTillAE 

(p. 311) 

{Continued on the next page.) 

' Phaneroptpride.s. 
Meconenddes. 
Mecopodides. 
Proclulide.s. 
P.seudophyllides. 
Conncej)lialuh's. 
Tynipanophorides. 
Sagides. 

I .ocustides. 
I lectieides. 
Calliinenides. 
E]ilii]i]iigorides. 
lletrodides. 
Gryllacrides. 

, Stenopelmatides. 



SCHEME OF INSECTA XI 

Order. 

ORTHOPTERA 
{continued) 

NEUROPTERA 
(P. 341) 

HYMENOPTERA 

U-’- 48") 

Division, Series, 
or Sub-Order. 

Family. Tribe or Sub-Family. Group. 

i Orthoptera 1 
saltatoria 

[ {continued) j 

Gryllidak 

(p. 330) 

' Mallophaga 
(p. 345) 

Pseudo- 
neuroptera 

Neuroptera 
Amphibio ■ 
tica 

^ Tridactylides. 
Gryllotalpides. 
M y rmecophilides. 
Gryllides. IOecanthides. 
Trigonidiides. 

'' Eneopterides. 
'I / Leiotlieides. 
/ \ Philopterides. 
f Embiidae (p. 351). 

1 Termitidae (p. 356). 
PSOCIDAE (p. 390). 
Perlidae (p. 398). 

OuONAT.V 

(p. 409) 

Anisopterides 

, Zygopterides 

Gompliinae. 
Cordulegasterinac. 
Aeschninae. 
Coi’duliinac. 
Libellulinae. 

(Calepteiygiiiae. 
I^Agrioniiiae. 

Neuroptera , 
planipennia 

Hemeeobiidae 

(p. 453) 

Trichoptera | 

Hymenop- 
tera Sessil-1 
iventres I 

Erhemeridae (p. 429). 

SiALiDAE I Sialide.s. 
(p. 444) \ Rapliidiides. 

Panorpidae (p. 449). 
f Myrmeleonides (p. 454). 

Ascalapliides f Holophtlialmi. 
(p. 459) ( Scliizophthahiii. 

Nemopterides (p. 462). 
Mantispides (p. 463). 

f Dilarina. 
Henierobiides | Nymphidina. 

(p. 466) 1 Osmylina. 
tHemei'obiiua. 

Chrysopides (p. 469). 
Coiiiopterygides (ji. 471). 
Plirygaiieides (p. 480). 
Limnopbilides (p. 481). 
Sericostoniatidcs (p. 482). 
Leptoceride.s (ji. 482). 
Hydropsychides (p. 482). 
Rliyacophilides (p. 483). 
Hydroptilides (p. 484). 

504). 

Phryganeidae 

(p. 473) 

Hymenop- 
tera Petio--'^ 
lata (part) 

Cephiiiae (p 

Oryssidae (p. 506) 
SiRICIDAE (p. 507). 
Tenthuedinidae (]i. 510). 
Cynipidae (p. 523). 
Proctotryitdae (p. 533). 
Chalfidiuae (p. 539). 
lOHNEUMONIDAE (p. 551). 
Braconidae (p. 558). 
Stephanidae (p. 561). 
]\lE(iALYUIDAE (p. 562). 
EvANin>AE (p. 562). 
Pei.ecinidae (p. 563). 
Trigon.alidae (p. 564). {To be continued in Vol. FI.) 
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CHAPTER 1 

PEEIPATUS 

INTRODUCTION-EXTERNAL PEATURES-HABITS-BREEDING -- 

ANATOMY-ALIMENTARY CANAL NERVOUS SYSTEM THE 

BODY WALL - THE TRACHEAL SYSTEM - THE MUSCULAR 

SYSTEM---THE VASCULAR SYSTEM-THE BODY CAVITY- 

NEPHRIDIA-GENERATIVE ORGANS DEVELOPMENT SYNOPSIS 

OF THE SPECIES-SUMMARY OF DISTRIBUTION. 

The genus Fcripatus was established in 1826 by Guildingl who 

first obtained specimens of it from St. Vincent in the Antilles. 

He regarded it as a Mollusc, being no doubt deceived by the 

slug - like appearance given by the antennae. Specimens were 

subsequently obtained from other parts of the Reotropical region 

and from South Africa and Australia, and the animal was vari¬ 

ously assigned by the zoologists of the day to the Annelida 

and IMyriapoda. Its true place in the system, as a primitive 

menil)er of the group Arthropoda, was first established in 1874 

by Moseley,2 who discovered the tracheae. The genus has been 

monographed by Sedgwick,^ who has also written an account of 

the development of the Cape species."^ A bibliography will be 

found in Sedgwick’s Monograph. 

^ L. Guilding, “ Mollusca caribhaeana ■. an Account of a New Genus of Mollusca,” 

Zool. Journ. vol. ii. 1826, p. 443, pi. 14 ; reprinted in Isis, vol. xxi. 1828, p. 158, pi. ii. 

- H. N. Moseley, “ On the Structure and Development of ccyjcvww,” J7u7. 

Trans, clxiv. pis. Ixxii.-lxxv. j^p. 757-782 ; and Proc. 11. S. xxii. pp. 344-350, 18; 4. 

® A. Sedgwick, “A Monograph of the Genus Fcripatus,’’ Quart. Journ. of Mic. 

Science, vol. xxv’iii., and in Studies prom the J\IoT'pliolofjical Laboratory of the Uni¬ 

versity of Cambridge, vol. iv. Cf. also p. 23 n. 
A. Sedgwick, “A Monograph of the Development of Peripatus capensis,” 

Studies from the Morphological Laboratory of the University of Cambridge, vol. iv. 
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Tliere cun lie no donlit that I’cripatus i.s an Arthropod, for it 

possesses the following features, all characteristic of that group, 

and all of first-class morphological importance: (1) The presence 

of appendages modified as jaws; tlie presence of paired lateral 

ostia perforating the wall of the heart and putting its cavity in 

communication with the ]K‘ricardium; (3) the ])resence of a vas¬ 

cular body caA’ity and |)ericardium (haemocuelic l)ody caA'ity) ; 

(4) ah.sence of a perivisceral section of the coelom. Tinally, the 

tracheae, though not characteristic of all the classes of the 

Arthropoda, are found nowhere outside that group, and constitute 

a A'ery important additional reason for uniting Peripatus Avith it. 

Peripatus, though indul)ital)ly an Arthropod, differs in such 

important respects from all the old-estal)lished Arthropod clas.ses, 

that a special class, equiA^alent in rank to the others, and called 

Prototracheata, (Onychophora), has had to he created for it. 

This uulikeness to other Arthropoda is mainly due to the Anne- 

lidan affinities Avhich it presents, but in part to the presence of 

the folloAving peculiar features: (1) The number and diffusion of 

the tracheal apertures; (2) the restriction of the jaAvs to a single 

pair; (3) the disposition of the generative organs; (4) the tex¬ 

ture of the skin; and (5) the simplicity and similarity of all the 

segments of the l iody l)ehind the head. 

The Annelidan affinities are superficially indicated in so 
marked a manner by the thinness of the cuticle, the dei’ino- 
muscular body Avail, the holloAv appendages, that, as already 
stated, many of the earlier zoologists Avho examined Pcripatvs 

placed it amongst the segmented Avorms; ami the discoA'ery that 
there is some solid morphological basis for this determination 
constitutes one of the moat interesting points of the recent Avork 
on the genus. The Annelidan features are: (1) The paired 
nephridia in every segment of the liody beliind the first tAvo 
(Saenger, Pal four ^); (2) the presence of cilia in the generatiAV 
tracts ((hiffron). It is true that neither of these features are 
absolutely distinctiAV of the Annelida, but Avhen taken in con- 
junctiim Avith the Annelidan disposition of the chief systems of 
organs, viz. the central nervous systcju, and the main vascular- 
trunk or heart, may be considered as imlicating affinities in that 

’ F. M. Balfour, “The Anatomy and Development oi Pcripatus caimnsis," edited 

hy Brofessor H. N. Moseley and A. Sedgwick, Quart. Journ. Mio, Sci. xxiii. pp. 

213-259, pis. xiii.-xx. 1883. 



I EXTERNAL FEATURES 5 

direction. Perijiatus, tlieretV»re, is zt)ologically of extreme interest 

from the fact that, thongh in the main Arthropodan, it possesses 

teatnres which are possessed hr no other Arthropod, and which 

connect it to the gronp to which the Arthropoda are in the 

general plan of their organisation most closely related. It must, 

therefore, according to onr present lights, he regarded as a very 

primitive form; and this view of it is Itorne ont by its extreme 

isolation at the present clay. Fcripatus stands ahsolntely alone 

as a kind of half-way animal between the Arthropoda and Anne¬ 

lida. There is no gradation of strnctnre within the genus; the 

species are very limited in nnmher, and in all of them the 

peculiar features al)Ove mentioned are ec|i;ally sharply marked. 

Peripatus, thongh a lowly organised animal, and of remark¬ 

able sluggishness, with Imt slight development of the higher 

organs of sense, with eyes the only function of which is to enable 

it to avoid the light—though related to those animals most re¬ 

pulsive to the aesthetic sense of man, animals which crawl upon 

their bellies and spit at, or poison, their prey—is yet, strange to 

say, an animal of striking beauty. . The exquisite sensitiveness 

and constantly changing form of the antennae, the well-rounded 

plump body, the eyes set like small diamonds on the side of the 

head, the delicate feet, and, above all, the rich colouring and 

velvety texture of the skin, all combine to give these animals an 

aspect of (juite exceptional beauty. Of all the species which I 

have seen alive, the most lieautiful are the dark green individuals 

of Capensis, and the species which I Inive called Balfouri. 

These animals, so far as skin is cc)ncerned, are not surpassed in 

the animal kingdom. I shall never forget my astonishment and 

deliglit when on bearing away the bark of a rotten tree-stump 

in the forest on Table Mountain, I lir.st came upon one of these 

animals in its natural liaunts, or when Mr. Trinien showed me in 

confinement at the South African Museum a fine fat, full-grown 

female, accompanied Ijy her large family of thirty or more just- 

born but pretty young, some of which were luxuriously creeping 

about on tlie beautiful skin of tlieir mother’s back. 

External Features. 

The anterior part of the body may I)e called the liead, though 

it is not sharply marked off from the rest ot the body (lig. !)• 

The head carries three ])airs of appendages, a pair oi simple eyes. 
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and a ventrally placed mouth. The ]judy is elongated and 

vennit'onn; it hears a uinnl)er of ])aired a})pendages, each termi¬ 

nating in a pair of claws, and all exactly alike. Tlie nnmher 

varies in the different sitecies. The anus is always at the 

FiG. 1.—Peripcdus capensis, drawn from life. Life size. (After Sedgwick.) 

posterior end of the Itody, and the generative opening is on tlie 

ventral surface just in front of the anus ; it may he between the 

legs of the last pair (Fig. 2), or it may l.)e behind them. There 

is in most species a thin median white line extending the. whole 

length of the dorsal surface of the body, on each side of wliich 

Flo. 2.—Ventral view of hind-end of Fro. 3.—Ventral view of the head of P. 
P. Nome-Xedlandiae. (After Sedg¬ 
wick.) rj, (leuerative opening; a, 
anus. 

capensis. {-After Sedgwick.) awL An¬ 
tennae ; or.jj, oral papillae ; first 
leg ; r, tongue. 

the skin ])ignient is darker tlian elsewhere. The colour varies 

considendrly in the different species, and even in different indi¬ 

viduals of tlie same species. The. ventral surface is nearly always 

flesh-coloured, while the dorsal surface has a darker colour. In the 
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South African species the colour of the dorsal surface varies from 

a dark green graduating to a Idiiish gray, to a brown vary¬ 

ing to a red orange. Tlie colour of the Australasian species 

varies in like manner, while that of the Neotropical species (S. 

American and W. Indian) is less varialde. The skin is thrown 

into a number of transverse ridges, ak)ng which wart-like papillae 

are placed. The papillae, which are found everywhere, are specially 

developed on the dorsal surface, less so on the ventral. Each 

papilla carries at its extremity a well-marked spine. 

The appendages of the head are the antennae, the jaws and 

the oral papillae. 

The antennae, which are prolongations of the dorso - lateral 

parts of the head, are ringed, and taper slightly till near their 

termination, where they are slightly enlarged. The rings bear a 

number of spines, and the free end of the antennae is covered by 

a cap of spiniferous tissue like that of the rings. 

The mouth is at the hinder end of a depression called the 

buccal cavity, and is surrounded l)y an annular tumid lip, raised 

into papilliform ridges and Ijearing a few spines (Fig. 3). AVithin 

the buccal cavity are the two jaws. They are short, stump-like, 

muscular structures, armed at their free extremities l:)y a pair ol 

cutting blades or claws, and are placed one on each side ol the 

mouth. In the median line of the buccal cavity in front is 

placed a thick muscular protuljerance, which may be called 

the tongue, though attached to 

the dorsal instead of to the 

ventral wall of the mouth (Fig. 

3). The tongue bears a row of 

small chitinous teeth. The jaw- 

claws (Figs. 4 and 5), which re¬ 

semble in all essential points 

the claws borne by the feet, and 

like these are thickenings of the m'- 

cuticle, are sickle-shaped. They 

have their convex edge, directed 

forwards and their concave or cutting edge turned backwards. 

The inner cutting plate (Fig. 4) usually bears a number of cutting 

teeth. The jaws appear to be used for tearing the food, to which 

the mouth adheres by means of the tumid suctorial lips. The 

oral papillae are placed at the sides of the head (lig- o). The 

claw of P. ca- 
2)ensis. (After 
Balfour.) 

Fig. 5.—Outer jaw- 
claw of P. ca- 
pensis. (After 
Balfour.) 
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ducts of the slime-glands open at their free end. They possess 

two main rings of projecting tissue, and their extremities hear 

papillae irregularly arranged. 

The anihulatory appendages vary in number. There are 

seventeen pairs in 1’. cajiensis and eighteen in P. Balfoxiri, 

while in P. jainaicensis the number varies from twenty-nine to 

forty-three pairs. They consist of two main divisions, which we 

may call the leg and the foot (Figs. 6 and 7). The leg (/) has the 

form of a truncated cone, the lu’oad end of which is attached to 

the ventro-lateral wall of the body, of which it is a prolonga¬ 

tion. It is marked by a number of rings of papillae placed 

Fig. 6.—Ventral view of last leg of a Fig. 7. — Leg of P. capensis seen from the 
male P. capensis. (After Sedg- front. (After Sedgwick.) /, Foot; leg; 
wick.) /, Foot; I, leg; p, spini- p, spiniferous pads, 
feron.s ]iad.s. The white papilla 
on the proximal part of thi.s leg i.s 
characteristic of the male of tliis 
species. 

transversely to its long axis, the dorsal of which are pigmented 

like the dorsal surface of the body, atid the ventral like the 

ventral surface. At the narrow distal end of the leg there are 

on the ventral surface three s])iniferous jiads, each of which is 

continued dorsally into a row of papillae. 

The foot is attached to the distal end of the lev. It is 

.slightly narrower at its attached extremity than at its free end. 

It bears two sickle-sha])ed claws and a few ])apillae. The part 

of the foot which carries the claws is especially retractile, and is 

generally found more or less telescoped into the proximal part. 

Ihe legs of the fourth and fifth pairs differ from the others in 
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the fact that the proximal pad is broken up into three, a small 
central and two larger lateral. The enlarged nephridia of these 
legs open on the small central division. 

The males are generally rather smaller and fewer in number 
than the females. In those species in which the number of legs 
varies, the male has a smaller number of legs than the female. 

Habits. 

They live l.ieneath the bark of rotten stumps of trees, in the 
crevices of rock, and beneath stones. They require a moist 
atmosphere, and are exceedingly susceptible to drought. They 
avoid light, and are therefore rarely seen. They move with 
great deliberation, picking their course liy means of their 
antennae and eyes. It is by the former that they acquire a 
knowledge of the ground over which they are travelling, and by 
the latter that they avoid the light. The antennae are extra¬ 
ordinarily sensitive, and so delicate, indeed, that they seem to be 
able to perceive the nature of objects without actual contact. 
When irritated they eject with consideralde force the contents of 
their slime I’eservoirs from the oral papillae. The force is sup- 
})lied by the sudden contraction of the muscular body wall. They 
can squirt the slime to the distance of almost a foot. The slime, 
which appears to be perfectly harmless, is extremely sticky, but 
it easily comes away from the skin of the animal itself. 

I have never seen them iise this apparatus for the capture of 
prey, I)ut Hutton describes the New Zealand species as using it 
for this purpose. So far as I can judge, it is used as a defensive 
weapon; but this of course will not exclude its offensive use. 
They will turn their heads to any part of the body which is being 
irritated and violently discharge their slime at the offending 
oliject. Locomotion is effected entirely 1>y means of the legs, 

with the body fully extended. 
Of their food in the natural state we know little; but it is 

probably mainly, if not entirely, animal. Hutton describes his 
specimens as sucking the juices of Hies which they had stuck 
down with their slime, and those which I kept in captivity 
eagerly devoured the entrails of their fellows, and the developing 
young from the uterus. They also like raw sheep’s liver. They 
move their mouths in a suctorial manner, tearing the food with 
their jaws. They have the power of extruding their jaws from 
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the mouth, and of working them alternately backwards or for¬ 

wards. This is readily observed in individuals immersed in water. 

Breeding. 

All species are viviparous. It has lately Ijeen stated that 

some of the Australian species are normally oviparous, but this has 

not been proved. The Australasian species come nearest to laying 

eggs, inasmuch as the eggs are large, full of yolk, and enclosed 

in a shell; ljut development normally takes place in the uterus, 

tlrough, al)nornially, incompletely developed eggs are extruded. 

The young of F. capensis are horn in April and May. They 

are almost colourless at birth, excepting the antennae, which are 

green, and their length is 10 to 15 mm. A large female will 

produce thirty to forty young in one year. The period of gesta¬ 

tion is thirteen months, that is to say, the ova pass into the 

oviducts al)Out one month before the young of the preceding year 

are Ijorn. They are l)orn one l:)y one, and it takes some time 

for a female to get rid of her whole stock of embryos; in fact, 

the embryos in any given female difler slightly in age, those next 

the oviduct being a little older (a few hours) than those next the 

vagina. The mother does not appear to pay any special attention 

to her young, which wander away and get their own food. 

There does not appear to he any true copulation. The male 

deposits small, white, oval sperniatophores, which consist of small 

Imndles of spermatozoa cemented together by some glutinous 

substance, indiscriminately on any part of the body of the female. 

Such sperniatophores are found on the bodies of lioth males and 

females from July to January, l)ut they appear to be most nume¬ 

rous in our autumn. It seems probalile that the spermatozoa 

make their way from the adherent spermatophore through the 

liody wall into the body, and so by traversing the tissues reach the 

ovary. The testes are active from June to the following March. 

From March to June the vesiculae of the male are empty. It is 

probable that sperniatophores are formed in other species. 

There are no marked sexual dilferences, but in some species 

some of the legs ot the male, often the last or penultimate, bear 

a small white papilla on the ventral surface (Fig. 6). 

Whereas in the Cape species embryos in the same uterus are 

all practically of the same age (except in the month of April, 

wlien two broods overlap in P. capensis), and birth takes place at 

a fixed season ; in the Neotropical species the uterus, which is 
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always pregnant, contains einlnyos of different ages, and births 

probably take place all the year round. 

In all species of Per^mtiis the young are fully formed at 

birth, and differ from the adults only in size and colour. 

ANATOMY 

The Alimentary Canal (Fig. 8). 

The buccal cavity, as explained above, is a secondary forma¬ 

tion around the true mouth, vdiich is at its dorsal posterior end. 

It contains the tongue and the jaws, which have already been 

Fig. 8.—capensis dissected so as to show 
the alimentary canal, slime glands, and salivary 
glands. (After Balfour.) The dissection is viewed 
from the ventral side, and the lips {L) have been 
cut through in the middle line behind and pulled 
outwards so as to expose the jaws [j), which have 
been turned outwards, and the tongue {T) bearing 
a median row of chitinous teeth, which branches 
behind into two. The muscular pharynx, extend¬ 
ing back into the space between the first and second 
pairs of legs, is followed by a short tubular oeso¬ 
phagus. Tiie latter opens into the large stomach with 
plicated walls, extending almost to the hind end ot 
the animal. The stomach at its point of junc¬ 
tion with the rectum presents an S’Shaped ventro¬ 
dorsal curve. A, Anus ; at, antenna ; F.l, A.2, 
first and second feet; j, jaws ; L, lips ; oe, 
oesophagus ; or.p, oral papilla ; ph, pharynx ; R, 
rectum ; s.d, salivary duct ; s.g, salivary gland ; 
sl.d, slime reservoir ; sl.ij, portion of tubules of 
slime gland ; st, stomach ; T, tongue in roof of 
mouth. 

descrilied, and into the hind end of it there opens ventrally liy a 

median opening the salivary glands (s.y). dhe mouth leads into 

a muscular’ phai'ynx (p/i); which is connected bj- a short oeso¬ 

phagus (oe) with a stomach (st). The stomach forms by far the 
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largest part of tlie aliiueiitaiy canal. It is a dilated soft-walled 

tul)e, and leads l)eliind into the sliort narrow rectuni (it), which 

opens at the anus. There are no glands opening into the 

alimentary canal. 

Nervous System. 

The central nervous system cf)nsists of a pair f)f supra- 

oesophageal ganglia united in the middle line, and of a pair of 

widely divaricated ventral cords, continuous in front with the 

suY)ra-oeso])hageal ganglia (Fig. 9). 

The ventral cords at first sight appear to lie without gangli¬ 

onic thickenings, hut on more careful examination they are 

found to 1)6 enlarged at each pair of legs (Fig. 9). These enlarge¬ 

ments may he regarded as imperfect ganglia. There are, there- 

Fig. 9.—Brain and anterior part of the ventral nerve- 
cords of Peripatus capensis enlarged and viewed 
from the ventral surface. (After Balfour.) The 
paired appendages {d) of the ventral surface of the 
brain are seen, and the pair of sympathetic nerves 
{sy) arising from the ventral surface of the hinder 
part. From the commencement of the oesopha¬ 
geal commissures pass off on eacli side a pair of 
nerves to tlie jaws {Jn). The three anterior 
commissures between the ventral nerve-cords are 
placed close together ; immediately' behind them 
the nerve-cords are swollen, to form the ganglionic 
enlargements from wliich pass off to the ornl 
papillae a pair of large nerves on each side {orv). 
Behind this the cords present a series of enlarge¬ 
ments, one pair for each pair of feet, from which a 
pair of large nerves pa.ss off on each side to the feet 
(pn). airiy Auteunary nerves ; ro, commissures 
between ventral cords ; d, ventral ajipeudages of 
brain ; A’, ey'e ; (71, nerves passing outwards from 
ventral cord ; F.yA, ganglionic enlargements from 
which nerves to feet pass off ; jn, nerves to jaws ; 
ory, ganglionic enlargement from which nerves to 
oral pa})illae ]iass off ; or«, nerves to oral papillae ; 
pc, posterior lobe of brain ; p)n, nerves to feet ; 
sy, syunpathetio nerves. 

fore, as many ])a,irs of ganglia as there ;ire pairs of legs. Tliere 

is in atldition a ganglioidc eidargement at the commencement of 

tlie oeso])hageal commissures, where the nerves Ft the oral i)a})ilhie 
are given off (Fig. 9, my/). 

The ventral cords are ])Lu‘ed each in the lateral compart¬ 

ments ol the body cavity, immediately within the longitudinal 

layer ol muscles. They are connected with each other, rather 

like the ])edal nerves ot Vinton and the lower Frosobranchiata, 

by a number ol commissures. These commi.ssures exhibit a 
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fairly regular arrangement from the region included Ijetween the 

first and the last pair of true feet. Tliere are nine or ten of them 

hetween each pair of feet. They pass along the ventral wall of 

the body, perforating the ventral mass of longitudinal muscles. 

On their way they give off nerves whieli innervate the skin. 

Posteriorly the two nerve-cords nearly meet immediately in 

front of the generative aperture, and then, l^ending upwards, fall 

into each other dorsally to the rectum. They give off a series 

of nerves from their outer borders, which present throughout 

the trunk a fairly regular arrangement. From each ganglion 

two large nerves are given oft', which, diverging somewhat 

from each other, pass into the feet. 

From the oesophageal commissures, close to their junction 

with the supra-oesophageal ganglia, a nerve arises on each side 

which passes to the jaws, and a little in front of this, apparently 

from the supra-oesophageal ganglion itself, a second nerve to the 

jaws also takes its origin. 
The supra-oesophageal ganglia (Fig. 9) are large, somewhat 

oval masses, broader in front than behind, completely fused in 

the middle, hut free at their extremities. Each of them is pro¬ 

longed anteriorly into an antennary nerve, and is continuous 

behind with one of the oesophageal commissures. On the 

ventral surface of each, rather behind the level of the eye, is 

placed a hollow protuherance (Fig. 9, d), of which I shall say 

more in dealing with the development. About one-third of the 

way l)ack the two large optic nerves take their origin, arising 

laterally, hut rather from the dorsal surface (Fig. 9). Each of them 

joins a large ganglionic mass placed immediately behind the retina. 

The histology of the A^entral cords and oesophageal commis¬ 

sures is vei’y simple and uniform. They consist of a cord almost 

wholly formed of nerve-fibres placed dorsally, and of a ventral 

layer of ganglion cells. 

The Body Wall. 

The skin is formed of three layers. 

(1) The cuticle. 
(2) The epidermis or hypodermis. 

(.3) The dermis. 
The cuticle is a thin layer. The spines, jaws, and claws are 

special developments of it. Its surface is not, howevei, smooth. 
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but is everywhere, with the exception of the perioral region, 

raised into minute secondary papillae, which in most instances 

bear at their free extremity a somewhat prominent spine. The 

whole surface of each of the secondary papillae just described is 

in its turn covered l)y numerous minute spinous tuljercles. 

The epidermis, placed immediately within the cuticle, is 

composed of a single layer of cells, which vary, however, a good 

deal in size in different regions of the body. The cells excrete 

the cuticle, and they stand in a very remarkalde relation to the 

secondary papillae of the cuticle just described. Each epidermis 

cell is in fact placed within one of these secondary papillae, so 

that the cuticle of each secondary papilla is the product of a 

single epidermis cell. The pigment which gives the characteristic 

colour to the skin is deposited in the protoplasm of the outer ends 

of the cells in the form of small granules. 

At the apex of most, if not all, the primary wart-like papillae 

there are present oval aggregations, or masses of epidermis cells, 

each such inass being enclosed in a thickish capsule and bearing a 

long projecting spine. These structures are probably tactile organs. 

In certain regions of tlie body they are extremely numerous pmore 

especially is this the case in the antennae, lips, and oral papillae. 

On the ventral surface of the peripheral rings of the thicker 

sections of the feet they are also very thickly set and fused together 

so as to form a kind of pad (Figs. 6 and V). In the antennae 

they are thickly set side l)y side on the rings of skin which give 

such an Arthropodan appearance to these organs in Pcripatus. 

The Tracheal System. 

The apertures of the tracheal system are placed in the depres¬ 

sions between the papillae or ridges of the skin. Each of them 

leads into a tul)e, which may be called the tracheal pit (Fig. 10), 

the walls of which are hnaued of epithelial cells bounded towards 

the lumen of the })it by a very delicate cuticular membrane con¬ 

tinuous with the cuticle covering the surface of the body. The 

pits vary somewhat in depth ; the pit hgured was about 0'09 mm. 

It pei'forates the dermis and terminates in the subjacent muscular 
layer. 

Internally it expands in the transverse plane and from tlie 

expanded portion the tracheal tubes arise in diverging bundles. 

Nuclei similar in character to those in the walls of the tracheal 
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pit are placed between the tracheae, and similar but slightly more 

elongated nuclei are found along the bundles. The tracheae are 

minute tubes exhibiting a faint transverse striation which is prob¬ 

ably the indication of a spiral fibre. They appear to branch, but 

F[G. 10.—Section through a tracheal 
pit and diverging bundles of 
tracheal tubes taken transversely 
to the long axis of the body. 
(After Balfour.) fr, Tracheae, 

. showing rndiinentary spiral fibre ; 
tr.c, cells resembling those lining 
the tracheal pits, which occur at 
intervals along the course of the 
tracheae ; tr.o, tracheal stigma ; 
tr.;p, tracheal pit. 

only exceptionally. The tracheal apertures are diffused over the 

surface of the body, but are especially developed in certain regions. 

The Muscular System. 

The general muscular system consists of—(1) the general 

wall of the body; (2) the muscles connected 'vvith the mouth, 

pliarynx, and jaws; (3) the muscles of the feet ; (4) the muscles 

of the alimentary tract. 

The muscular wall of the body is formed of—(1) an external 

layer of circular fibres ; (2) an internal layer of longitudinal 

mu.scles. 

The main muscles of the liody are unstriated and divided into 

fibres, each invested by a delicate membrane. The uiuscles of the 

jaws alone are transversely striated. 

The Vascular System, 

The vascular system consists of a dorsal tubular heart with 

paired ostia leading into it from the pericardium, of the pericar¬ 

dium, and the various other divisions of the perivisceral cavity 

(Fig. 14, D). As in all Arthropoda, the perivisceral cavity is a 

haemocoele ; i.e. it contains Idood and forms part of the vascular 

system. The heart extends from close to the hind end of the 

body to the head. 
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The Body Cavity. 
i 

The hndy cavity is formed of four compartments—one central, 

two lateral, and a pericardial fFig. 14,1)). The former is Ijy far 

the hirgest, and contains the alimentary tract, the generative 

organs, and the slime glands. It is lined Ity a delicate endo¬ 

thelial layer, and is not divided into compartments nor traversed 

hy muscular fibres. The lateral divisions are much smaller than 

the central, and are shut off from it hy the inner transverse hand 

of muscles. They are almost entirely filled with the nerve-cord 

and salivary gland in front and with the nerve-cord alone behind, 

and their lumen is broken up hy muscular bands. They further 

contain the nephridia. They are prolonged into the feet, as is the 

embryonic body cavity of most Arthropoda. The pericardium con¬ 

tains a peculiar cellular tissue, probably, as suggested by Moseley, 

ecjuivalent to the fat-bodies of insects. 

Nephridia. 

In Ferijmtus ccqyensis nephridia are present in all the legs. 

In all of them (except the first three) the following })arts may 
be recognised (Fig. 11):— 

(1) A vesicular portion opening to the exterior on the ventral 

surface of the legs by a narrow passage. 

(2) A coiled portion, which is again subdivided into several 

sections. 

(3) A section with clo.sely packed nuclei ending by a some¬ 
what enlarged opening. 

(4) The terminal i)ortion, which consists of a thin-walled 
vesicle. 

The last twelve pairs of these organs are all constructed in a 

very similar manner, while the two pairs situated in the fourth 

and fifth pairs of legs are considerably larger than those behind, 

and are in some respects very differently constituted. 

It will he convenient to commence with one of the hinder 

nephridia. Such a nephridium fnnu the ninth pair of legs is 

represented in Fig. 11. The external opening is placed at the 

outer end of a transverse groove at the base of one of the leo's, 

while the main portion of the organ lies in the body cavity in 

the base of the leg, and extends into the trunk to about the level 
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of the outer edge of the nerve-cord of its side. The external 

opening (o.s) leads into a narrow tube (s.d), which gradually 

dilates into a large sac (s). The narrow part is lined by small 

epithelial cells, which are directly continuous with and perfectly 

similar to those of the epidermis. The sac itself, which forms a 

kind of bladder or collecting vesicle for the organ, is provided 

with an extremely thin wall, lined with very large tiattened cells. 

The second section of the nephridium is formed by the coiled 

tube, the epithelial lining of which varies sliglitly in the different 

parts. The third section (s.o.t), constitutes the most distinct 

portion of the whole organ. Its walls are formed of columnar 

cells almost filled by oval nuclei, which absorb colouring matters 

with very great avidity, and thus render this part extremely 

Fig. 11.—NepliriJinm from the 
9th jiair of legs of F. capensis. 
o.s, External 023enmg of seg¬ 
mental organ ; p.f, internal 
oiiening of nephridium into 
the body cavity (lateral com- 
l>artment) ; s, vesicle of seg¬ 
mental organ ; s. c. 1, s. c. 2, 
S.C.3, S.C.4, successive regions 
of coiled portion of nephri¬ 
dium; s.o.t, third portion of 
nephridium broken off at 2}-/ 
from the internal vesicle, which 
is not shown. 

conspicuous. The nuclei are arranged in several rows. It ends 

by opening into a vesicle (Tig- 14, D), the wall of which is so 

delicate that it is destroyed when the nephridium is removed 

from the body, and conse(piently is not shown in Fig. 11. 

The fourth and fifth pairs are very consideraldy larger than 

tho.se behind, and are in other respects peculiar. The great mass 

of each organ is placed Ijehind the leg on which the external 

opening is placed, immediately outside one ot the lateral nerve- 

cords. The external opening, instead of being placed near the 

base of the leg, is placed on the ventral side ot the third ring 

(counting from the outer end) of the thicker portion of the leg. 

It leads into a portion which clearly corresponds with the collect¬ 

ing vesicle of the hinder nephridia. This part is not, however, 

dilated into a vesicle. The three pairs of nephridia in the three 

foremost pairs of legs are rudimentary, consisting solely of a 

vesicle and duct. The salivary glands are the modified nephridia 

of the segment of the oral papillae. 

VOL. V c 
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Generative Organs. 

Male.—The male organs (Fig. 12) consist of a pair of testes 

{te), a pair of vesicles {v), vasa deferentia {v.d), and accessory 

glandidar tubides (/). All the al)ove parts lie in the central 

compartment of the body cavity. In 1\ ca'pensis the accessory 

glandular bodies or crural glands of the last (17th) pair ol legs 

are enlarged and prolonged into an elongated tube placed in the 

lateral compartment of the body cavity {a.g). 

The right vas deferens passes under both nerve-cords to join 

Fig. 12.—Male generative organs of Peripatus capensis, viewed from the dor.sal surface. 
(After Balfour.) a.g, Enlarged crural glands of last pair of legs ; F. 16, 17, last pairs 
of leg.s ; /, small accessory glandular tubes ; p, common duct into which the vasa 
deferentia open ; te, testis; v, seminal vesicle ; v.c, nerve-cord ; v.d, vas deferens. 

the left, and form tlie enlarged tube {})), which, passing beneath 

the nerve-cord of its side, runs to the external oritice. The 

enlarged terminal portion possesses thick muscular walls, and 

possibly constitutes a spermatophore maker, as has been shown to 

he the case in 1\ K. Zeidandiae, by Moseley. In some specimens 

a diiferent arrangement ol)tains, in that the left vas deferens 

passes under both nerve-coi'ds to join the right. 

Female.—The ovaries consist of a pair of tubes closely ap¬ 

plied together, and continued posteriorly into the oviducts. The 

oviducts, after a short course, become dilated into the uteruses, 

whicli join behind and open to the exterior by a median 
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opening. The ovaries always contain spermatozoa, some of which 

project throngh the ovarian wall into the hotly cavity. Sperma¬ 

tozoa are not fonnd in the nterns and oviducts, and it appears 

probable that they reach the ovary directly by boring through 

the skin and traversing the hotly cavity.^ In the neotropical 

species there is a globular receptaculum seminis opening liy two 

short ducts close together into the oviduct, and there is a small 

receptaculum ovoruin with extremely thin walls opening into the 

oviduct by a short duct just in front of the receptaculum seminis. 

The epithelium of the latter structure is clothed with actively 

moving cilia. In the Xew Zealand species there is a receptaculum 

seminis with two ducts, but the receptacula ovorum have not 

been seen. 
There appear to he present in most, if not all, the legs some 

accessory glandular structures opening just ■ externally to the 

nephridia. They are called the crural glands. 

DEYELOPMEXT. 

As stated at the outset, Perijoatus is found in three “ of the 

great regions, viz. in Africa, in Australasia, and in South America 

and the TYest Indies. It is a curious and remarkable fact that 

although the species found in these various localities are really 

closely similar, the principal diflerences relating to the structure 

of the female generative organs and to the number of the legs, 

they do differ in the most striking manner in the structure of 

the ovum and in the early development. In all the Austral¬ 

asian species the egg is large and heavily charged with food- 

yolk, and is surrounded by a tough memlu’ane. In the Cape 

species the eggs are smaller, though still of considerable size, the 

yolk is much less developed, and the egg membrane is thinner 

though dense. In the neotropical species the egg is minute 

and almost entirely devoid of yolk. The unsegmented uterine 

ovum of P. P'ovcie-Zecilciiidiue measures 1'5 mm. in length hj 8 mm. 

in lireadth ; that of P. capensis is ’56 mm. in length; and that 

of P. Trinidadcnsis ‘04 mm. in diameter. In correspondence 

with these differences in the ovum there are diffeiences in the 

early development, though tlie later stages are closely similar. 

Put unfortunately the development has only been fully worked 

' See 'Whitman, Journal of Morphology, vol. i. ' See below, p. 24. 
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out in one species, and to that species—/'. ca'jiensis—tlie follow¬ 

ing description refers. Tlie ova are apparently fertilised in the 

ovary, and tliey pass into the oviducts in April and IVIay. In 

May the hrood of the preceding year are Ijorn, and the new ova, 

which have meanwhile undergone cleavage, pass into the uterus. 

There are ten to twenty (.)va in each \iterus. The segmentation 

is peculiar, and leads to the formation of a solid gastrula, consisting 

of a cortex of ectoderm nuclei surrounding a central endodermal 

mass, which consists of a much-vacuolated tissue with some 

Fig. 13.—k .series of embrj’'os of P. capensis. Tlie liiml end of embryos B, C. D i.s 
uppermost in the figures, the primitive streak is the white patch behind the blasto¬ 
pore. (After Sedgwick.) A, Gastrula stage, ventral view, showing blastopore 
B, Older gastrula stage, ventral view, showing elongated blastopore and primitive 
streak. C, Ventral view of embryo with three pairs of mesoblastic somites, dumb¬ 
bell-shaped blastopore and primitive streak. D, Ventral view of embryo, in which 
the blastopore has completely closed in its middle jiortion, and given rise to two 
openings, the embryonic mouth and anus. The anterior pair of somites have 
moved to the front end of the body, and the primitive groove has appeared on the 
primitive streak. E, Side view of embryo, in which the hind end of the boily has 
begun to elongate in a spiral manner, and in which the appendages have begun. 
At, antenna ; d, dorsal projection ; jj.s, preoral somite. F, Ventral view of head of 
embryo intermediate between E and G. The cerebral grooves are wide and shallow. 
The lips have appeareil, and have extended behind the openings of the salivary 
glands, but have not yet joined in the middle line. At, antennae; r.//, cerebral 
groove ; j, jaws ; j.s, swelling at base of jaws : L, lips ; d/, mouth ; or.jj, or.al papillae ; 
o.s, opening of salivary gland. G, Side view of older endjryo with the full number 
of appendages, to show the position in which the embryos lie in the uterus. 

irrogulaiiy-shaped nuclei. The endodenu inasa is exposed at one 

point—the Idastopore (gastrula mouth). The central vacuoles, 

of the endoderm now unite ;ind form the enteron of the embryo, 

and at the same time tlie emlayo elongates into a markedly oval 

form, and an opacity—the primitive streak—appears at the hind 

end of the hlasto]tore (Fig. This elongation of the embryo 

is accompanied by an elongation of the blastopore, which soon 

becomes dumb-bell shajied (Fig. 13, C). At the same time the 

mesoblastic somites (embryonic segments of mesoderm) have made 
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their appearance in pairs at the hind end, and gradually travel for¬ 

ward on each side of the blastopore to the front end, where the 

somites of the anterior pair soon meet in front of the blastopore (Fig. 

13, D). Meanwhile the narrow middle part of the blastopore has 

closed by a fusion of its lips, so that the blastopore is represented 

by two openings, the future mouth and anus. A primitive groove 

makes its appearance behind the blastopore (Fig. 13, D). At 

this stage the hind end of the body becomes curved ventrally 

into a spiral (Fig. 13, E), and at the same time the appendages 

appear as hollow processes of the body wall, a mesoblastic 

somite being prolonged into each of them. The first to appear 

are the antennae, into which the praeoral somites are prolonged. 

The remainder appear from before backwards in regular order, 

A’iz. jaw, oral papillae, legs 1-17. The full number of somites 

and their appendages is not, however, completed until a later 

stage. The nervous system is formed as an anmilar thickening 

of ectoderm passing in front of the mouth and Ijehind the anus, 

and lying on each side of the blastopore along the lines of the 

somites. The praeoral part of this thickening, which gives rise to 

the cerebral ganglia, becomes pitted inwards on each side (Fig. 13, 

F, c.g). These pits are eventually closed, and form the hollow 

ventral appendages of the supra-pharyngeal ganglia of the adult 

(Fig. 9, d). The lips are formed as folds of the side wall of the 

body, extending from the praeoral lobes to just behind the jaw 

(Fig. 13, F, L). They enclose the jaws (/), mouth (M), and 

opening of the salivary glands (e..s), and so give rise to the buccal 

cavity. The embryo has now lost its syjiral cuiwature, and 

l;)econies comy)letely doubled upon itself, the hind end being in 

contact with the mouth (Fig. 13, G-). It remains in this position 

until birth. The just-born young are from 10-15 mm. in length 

and have green antennae, l)ut the rest of the body is either cpiite 

white or of a reddish colour. Tliis red colour differs from the 

colour of the adult in being soluble iii spirit. 
The mesoblastic somites are paired sacs formed from the 

anterior lateral portions of the primitive streak (Fig. 13, C). 

As they are formed they become y)laced in pairs on each side of 

the blastopore. The somites of the first pair eventually obtain a 

position entirely in front of the blastopore (Fig. 13, E). They 

form the somites of the praeoral lobes. The full com].)lement of 

somites is acquired at about the stage of Fig. l o, E. Ihe relations 
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of the somites is sliowu in h’ig. 14, A, which represents a transverse 

section taken hetween the ]nouth and anus of an emhiyo of the 

stage of Ihg. 13, 1). The liistoiy of tliese somites is an exceed¬ 

ingly interesting one, and may l)e descril)ed shortly as follows :— 

They divide into two parts—a ventral part, whieli extends into 

Fig. 14. A series of diagrams of transverse sections through Peripcttvs emhryos to 
show the relations oftlie coelom at successive stages. (After Sedgwick.) A. Earlv 
stage : 1, gut ; 2, mesoblastic somite ; no trace of the vascular space ; endoderm 
and ectoderm in contact. B. Endoderm has separated from the dorsal and ventral 
ectoderm. The somite is represented as having divided on the left side into a 
dorsal and ventral portion : 1, gut ; 2, somite ; 3, haemocoele. C, The haemocoele 
(3) has become divided up into a number of spaces, the arrangement of which is 
unimportant. The dorsal jiart of each somite has travelled dorsalwards, and now 
constitutes a small space (triangular in section) just dorsal to the gut. The ventral 
jiortion (2 ) has assumed a tubular character, and has acquix-ed an external opening. 
The internal vesicle is already indicated, and is shown in tlie diagram by the thinner 
black line : 1, gut ; 2', nephridial part of coelom ; 3, haemocoele ; S', part of 
haemocoele which will form the heart—the part of the haemocoele on each side of 
this uill form the pericardium ; 4, nerve-cord. D rejiresents the conditions at 
the time of birth ; uumliers as in C, exceid f>, slime glands. The coelom is're- 
presented as surrounded by a thick black line, e.xcept in the part which forms the 
internal vesicle of the nephridiuui. 

tlie appendiige, and a dorsal part (Fig. 14, B). The ventral part 

iitapures ;ui opening to the exterior jnst outside the nerve-cord^ 

and heconies entirely transformed into a nephridiuni (Fig. 14, 

1), 2 ). Ihe dorsal ]»art shitts dorstilwards and diminishes rela¬ 

tively in size (Fig. 14, C). Its fate diliers in the different parts 
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of the liody. In the anterior somites it dwindles and disappears, 

but in the posterior part it unites with the dorsal divisions of 

contiguous somites of the same side, and forms a tube—the 

generative tube (Fig. 14, D, 2). The last section of this tube 

retains its connexion with the ventral portion of the somite, and 

so acquires an external opening, which is at first lateral, Init soon 

shifts to the middle line, and fuses with its fellow, to form the 

single generative opening. The praeoral somite develops tlie 

rudiment of a nephridium, hut eventually entirely disappears. 

The jaw somite also disappears; the oral papilla somite forms 

ventrally the salivary glands, which are thus serially homologous 

with nephridia. The perivisceral cavity of Periimtus is, as in all 

Arthropoda, a haemocoele. Its various divisions develop as 

a series of spaces between the ectoderm and endoderm, and 

later in the mesoderm. The mesoderm seems to he formed 

entirely from the proliferation of the cells of the mesoblastic 

somites. It thus appears that in Feripatus the coelom does not 

develop a perivisceral portion, but gives rise only to the renal 

and reproductive organs. 

APPENDIX^ 

Peripatus, Guilding 

Soft-bodied vermiform animals, with one pair of ringed antennae, one 
pair of jaws, one pair of oral papillae, and a varying number of claw-bearing 
ambulatory legs. Dorsal surface arched and more darkly pigmented than 
the Hat ventral surface. Skin transversely ridged and beset by wart-like 
spiniferous pajtillae. Mouth anterior, ventral; anus posterior, terminal. 
Generative opening single, median, ventral, and posterior. One pair of 
simple eyes. Brain large, with two ventral hollow a2)pendages; ventral 
cords widely divaricated, without distinct ganglia. Alimentary canal simj.tle, 
uncoiled. Segmentally arranged, jiaired nephridia are ju’esent. Body cavity 
is continuous with the vascular system, and does not communicate with the 
paired nephridia. Heart tubular, with jJaired ostia. Resjiiration by means 
of tracheae. Dioecious; males smaller and generally less numerous than 
fe.males. Generative glands tubular, continuous with the ducts. Viviparous. 
Young born fully developed. They shun the light and live in danq) jdaces 
b'eneath stones, leaves, and bark of rotten stumps. The}^ eject when irritated 
a viscid fluid tiirough ojienings at the ajjex of the oral 2>a2ullae. Distribu- 

* Cf., in addition to the works quoted on pp. 3, 4 : A. Willey, “Peripatus novae- 

hritanniae,” in Zoological Results, i., Cambridge, 1898; L. Bouvier, “Cont. a I'histoire 
des Peripates americains,” Ann. Soc. Entomol. de France, Ixviii., 1899; W. F. 
Purcell, “Anatomy of Opisthopatus cinctipcs,” Annals of the S. African Museum, 

ii. 1900. R. Evans, Quart. J. Micr. Sci. xliv., 1901, pp. 473, 539. 
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tion ; South Africa (Cape Colony, Natal, and the Gaboon), New Zealand, 

Australia and Tasmania, New Britain, South and Central America and the 

West Indies, the Malay Peninsula [and Sumatra ?]. 

The genus Peripatus, so far as adult conformation is concerned, is a very 

homogeneous one. It is true, as was pointed out by Sedgwick, that the species 

from the same part of the world resemble one another more closely than 

they do species from other regions, but recent researches have shown that 

the line between them cannot Ije so sharply drawn as was at first supjiosed, 

and it is certainly not desiraljle in the present state of our knowledge to 

divide them into generic or suligeneric groups, as has Ijeen done by some zoolo- 

gistsd The colour appears to b^ highly variable in species from all regions; 

it is perhaiJS more constant in the sjiecies from the Neotropical region than 

in those from elsewhere. The number of legs tends to be variable whenever 

it exceeds 19 pregenital pairs ; when the number is less than that, it is usually, 

though not always, constant. More constant points of difference are the form 

of the jaws, the position of the generative orifice, the ])resence of a rece2)ta- 

cuhun seminis and a receptaculum ovorum, the arrangement of the primai'V 

pajiillae on the distal end of the feet, and above all the early develojmient. 

South African Species.—With three spinous jjads on the legs and feet, 

with two primary papillae on the anterior side and one on the j)osterior 

side ; outer jaw with one nunor tooth at the base of the main tooth, inner 

jaw with no interval between the large tooth and the series of small ones ; 

last fully develojied leg of the male with enlarged crural gland opening on a 

large jra^iilla jilaced on its ventral surface ; coxal organs “ absent; the ne23hri- 

dial openings of the 4th and 5th 2tairs of legs are 2'laced in the 2n‘oximal 

S2:'inous t^ad. Genital 02:)ening subterminal, behind the last 23air of fullj’ devel¬ 

oped legs; oviduct without rece23tacula seminis or rece2>tacula ovorum; the ter¬ 

minal un2iaired 2iortion of the vas deferens shoi't. Ova of consideralde size, Imt 

with only a small quantity of yolk. The emlnyos in the uterus are all }iearly of 

the same age, except for a month or two before birth when two broods ovei-]a2>. 

The following species are aberrant in res2iect of these characters : Peri- 

patus {Opisthopatm) cindipes, Purcell (Oa2ie Colony and Natal), 2''resents a few 

Australasian features ; there is a small rece2itacidum seminis on each oviduct, 

some of the legs are 2^i’Ovided with well-develo2U‘d coxal organs, the feet 

have one anterior, one 250sterior, and one dorsal 2>a2'illa, and the successive 

difference in the ages of the embryos in the uterus, though nothing like that 

found in the Neotro2iical S2iecies, is slightly greater than that found in other 

investigated African specie.s. Several 2iairs of legs in the middle region of 

the body are 2'i’ovided with enlarged crural glands which 02>en on a lai'ge 

])a2ii]la. Male with four accessory glands, 02)ening on each side of and behind 

the genital a2)erture. P. tholloni Bouvier, Equatorial West Africa (Gaboon) 

sliows some Neotropical features; there are 24 to 25 2'’aii'S of legs, the 

1 Tlie following genera or subgenera have been proposed ; Peripatus for the 

Neotro2iical S2)ecies, Pcripatoidcs for tlie Australasian, Pcripatdpsis and Opistliopiatus 

for the African, Parapcripatus for the New Britain s2)ecies, and Eoperipalus for the 

Malay sj)ecies. 

" Coxal organs are furrows on the ventral surface of some of the legs, with tumid 

lips and lined by smooth non-tuberculate e})itheliuni. It appears that they can be 

everted. 
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genital opening is between the penultimate legs, and though there are only 

three spinous pads, the nepliridial openings of the 4th and 5th legs are 

jiroximal to the 3rd pad, coxal organs are present, and the jaws are on the 

Neotropical type; the oviducts have receptacula seniinis. The following 

South African species may be mentioned : P. caj^ensis Grube, with 17 (rarely 

18) pairs of claw-bearing legs; P. halfouri Sedgw., with 18 (rarely 19) pairs ; 

P. moseleyi Wood-M., with 20 to 24 pairs. 

Australasian Species.—AVith 14, 15, or 16 pairs of claw-bearing ambu¬ 

latory legs, with 3 spinous pads on the legs, and nepliridial opening of the 

4th and 5th legs on the jiroximal pad; feet with one anterior, one posterior, ■ 
and one dorsal primary papilla; inner jaw wuthout diastema, outer with or 

without a minor tooth. Last leg of the male with or without a large white 

jiapilla on its ventral surface for the opening of a gland; marked papillae 

for the crural glands are sometimes present on other legs of the male; well- 

developed coxal glands absent. Genital opening betiveen the legs of the last 

jiair ; oviducts with receptacula seininis, without recejitacula ovorum ; the ter- 

ininalportionof thevas deferens long and complicated; the accessory male glands 

open between the genital aperture and the anus, near the latter. Ova large 

and heavily charged with yolk and ^^rovided with a stoutish shell. The uterus 

api»ear3 to contain embryos of different ages. Specimens are recorded from 

AA'est Australia, Queensland, New South AA'ales, Ahctoria, and New Zealand. 

The Australasian species are in some confusion. The number of claw¬ 

bearing legs varies from 14 to 16 pairs, but the number most often found is 

15. AA^hether the number varies in the same species is not clear. There 

appears to be evidence that some species are occasionally or normally oviparous, 

and in the supposed oviparous species the oviduct opens at the end of a pajjilla 

called from its supposed function an ovipositor, but the oviparity has not yet 

been certainly proved as a normal occurrence. Among the species described 

may be mentioned P. leuckarti Siingei', P. insignis Dendy, P. oviparus Dendy, 

P. viridimnculatus Dendy, P. novae-zealandiae Hutton, but it is l>y no means 

certain that future research will maintain these. Mr. J. J. Fletcher indeed is of 

opinion that the Australian forms are all varieties of one species, P. leuckarti. 

Neotropical Species.—AA'’ith 3 to 5 .spinous pads on the legs, nepliridial 

opening of the 4th and 5th legs usually proximal to the third pad, and 

feet either with two primary pa])illae on the anterior side and one on the 

posterior, or with two on the anterior and two on the posterior; outer jaw 

with small minor tooth or teeth at the base of the main tooth, inner jaw 

with diastema. A variable number of posterior legs of the males anterior to 

the genital opening with one or two large pai>illae carrying the openings 

of the crural glands ; well developed coxal organs present on most of the 

legs. The primary papillae usually divided into two 2)ortions. Genital 

opening between the legs of the penultimate pair; oviduct provided with 

receptacula seminis and ovorum ; unpaired part of vas deferens long and 

complicated ; accessory organs of male opening at the sides of the anus. Ova 

minute, with little food-yolk ; embryos in the uterus at very different stages 

of development. The number of legs usually if not always variable in the same 

species; the usual number is 28 to 32 ])airs, but in some species 40 to 43 

pairs are found. The Neotropical species appear to fall into t-wo groups : 

(1) the so-called Andean species, viz., those winch inhabit the high plateaux 

or Pacific slope of the Andes; in these there are 4 (sometimes 5) pedal 
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papillae, and the nephridial openings of the 4th and 5th legs are on the 3rd 

pad ; and (2) the Caribbean species, viz. the remaining Neotropical siiecies, 

in which there are 3 papillae on the foot and the nephridial openings of 

the 4th and 5th legs are between the 3rd and 4th jiads. The Andean species 

are P. eisenii Wli., P. tuberciUatus Bouvier, P. lankesteri Bouv., P. quitensis 

Schm., P. corradi Cam., P. cameranoi Bouv., and P. balzani Cam. 

Of the remaining species, which are the majority, may lie mentioned, P. 

edwardsii Blanch,, P. jamaicensis Gr. and Cock., P. trinidadensis Sedgw., 

P. torquatus Ken., P. imthurmi Scl. 

New Britain Peripatus.—With 22 to 24 pairs of claw-bearing legs, 

with three spinous pads on the legs, and nephridial openings of legs 4 and 5 

(sometimes of 6 also) on the proximal pad ; feet with one primary papilla on 

the anterior, one on the posterior side, and one on the dorsal side (median 

or snbmedian); outer jaw with a minor tooth, inner jaw without diastema ; 

crural glands absent; well-developed coxal organs absent. Genital opening 

subterminal, behind the last pair of legs ; oviduct with receptaculum seminis, 

without receptaculum ovorum ; unpaired part of vas deferens very short ; 

accessory glands two, opening medianly and dorsally. Ova small, T mm. in 

diameter, with little yolk ; the embryos are provided with large trophic 

vesicles (Willey). Embryos in the uterus of very different ages and probably 

born all the year round. 

But one species known, P. novae-britanniae Willey. 

Sumatran ^ Peripatus.—Peripatus with 24 pairs of ambulatory legs, and 

4 spinous pads on the legs. The primary papillae of the Neotropical character, 

with conical bases. Generative opening between the legs of the penultimate 

pair. Feet Avith only two papillae. Single species. P. sumatranus SedgAA'. 

Peripatus from the Malay Peninsula.-—With 23 to 25 pairs of claAv- 
bearing legs, 4 spinous pads on the legs, and nephridial openings of legs 4 
and 5 in the middle of the proximal pad or on its proximal side ; feet Avith 2 
primary papillae, one anterior and one posterior ; outer jaAV Avith 2, inner jaA\- 
Avith 2 or 3 minor teeth at base of main tooth separated by a diastema from 
the roAV of small teeth ; crural glands present in male only, in the tAvo pairs 
of legs jireceding the generative opening; coxal organs iire.sent. Genital 
ojiening betAA'een the penultimate legs ; OA'iduct Avith receptacula seminis and 
OAmrum ; unpaired part of axis deferens long; male accessory glands tAvo, 
0}iening medianly between the legs of the last iiair. Ova large Avith much 
yolk and thick memlirane, like those of Australasian species ; embryos Avith 
slit-like blastojiore, and of A'ery different ages in the same uterus, 2'robably 
born all the year round. The s]iecies are P. U'eldoni Eauaus, P. horsti EA'ans, 
and P. butleri Evans. It Avill thus be seen that the Malay species Avhile 
resemliling the Neotropical species in the generatiA’e organs, differ from these 
in many features of the legs and feet, in the important characters furnished 
by the size and structure of the ovum, and by the early development. 

^ Tlie existence of this species is doubtful. The description of it Avas taken 

from a singe specimen. The evidence that this specimen Avas found in Sumatra is 

not conclusive. 

* I am indel.ited to Jlr. R. Evans and the Editors of the Quart. J. Micr. 

Sci. for permission to see proofs of Mr. Eauuis' pajiers in vol. xliv. of that 

journal. 
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lilYEIAPODA 

U' 

INTRODUCTION-HABITS-CLASSIFICATION-STRUCTURE-CHILO- 

GNATHA —CHILOPODA SCHIZOTARSIA SYMPHYLA PAUR- 

OPODA-EMBRYOLOGY—PALAEONTOLOGY. 

Trace EAT A with separated, head and numerous, fairly similar 

segments. They have one pair of antennae, two or three pairs 

of mouth appendages, and numerous pairs of legs. 

The Myriapoda are a class of animals which are widely 

distributed, and are represented in almost every part of the 

globe. Heat and cold alike seem to ofter favouraljle conditions 

for their existence, and they flourish both in the most fertile 

and the most barren countries. 
They have not attracted much notice until comparatively 

recent times. Compared with Insects they have been but little 

known. The reason of this is not hard to find. The Myriapods 

do not exercise so much direct influence on human affairs as 

do some other classes of animals; for instance, Insects. They 

include no species which is of direct use to man, like the silk¬ 

worm or the cochineal insect, and they are of no use to him as 

food. It is true that they are injurious to his crops. Tor instance, 

the species of Millepede known as the “ wire worm ” ^ is extremely 

harmful; but this has only attracted much notice in modern 

times, when land is of more 'S'alue than formerly, and agricul¬ 

ture is pursued in a more scientific manner, and the constant 

endeavour to get the utmost amount of crop from the soil has 

caused a minute investigation into the various species of 

animals which are noxious to the growing crop. The species of 

^ Not to 1)6 confused, witli tlie lurvu of Elo/tcv liix&utitSj Silso knoMii fis ire-worm. 
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Myriapoda l:)est known to the ancients were those which were 

harinfnl to man on account of their poisonous hite. 

S(.)me writers have supposed that the W(jrd which is trans¬ 

lated “mole” in the llilile (Lev. xi. 30) is really ScoloiKnclra 

(a genus of Centipede), and, if tliis is so, it is tlie earliest men¬ 

tion of the Myriapods. They were rarely noticed in the classical 

times ; almost the only mention of them is l)y M31ian, who says 

that the whole population of a town called Ehetium were driven 

out hy a swarm of Scolopendras. Pliny tells ns of a marine Scolo- 

pendra, Imt this was most prohahly a species of marine worm. 

Linnaeus included Myriapods among the Insects; and the 

writers after him till the beginning of this century classed them 

with all sorts of Insects, with Spiders, Scorpions, and even among 

Serpents. It was Leach who first raised them to the importance 

of a separate class, and Latreille first gave them the name 

of Myriapoda, which they have retained ever since. 

Myriapods are terrestrial animals, crawling or creeping on 

the ground or on logs of wood, or even under the hark of trees. 

There is, however, a partial exception to this ; various naturalists 

have from time to time given descriptions of marine Centipedes. 

These are not found in the sea, but crawl about on the shore, 

where they are submerged by each tide. A GeojyJiUus of this 

sort has been found in Jersey by j\Ir. Sinel,^ thus living a semi- 

aquatic life. Professor F. Plateau, experimenting on the effect of 

immersion on the Geopliilidae, found that they could exist in sea 

water from twelve to seventy hours, and in fresh water from six 

to ten days. They thus offer a striking example of the power that 

their class possess of existing under unfavourable circumstances. 
MTth regard to their habits the different species differ very 

considerably. On the one hand we have the Chilopoda, or 

Centipedes, as they are called in this country, active, swift, and 

ferocious; living lor the most ])art in dark and obscure places, 

l)eneath stones, logs of wood, and dried leaves, etc., and feeding 

on living animals. On the other hand, we have the Chilognatha, 

or Millepedes, distinguished by their slow inovements and 

vegetable diet; inoffensive to man, except by the destruction 

they occasion to his cro})S, and having as a means of defence no 

foi’inidable weapon like the large poison claws of the Centipedes, 

but only a peculiarly offensive liquid secreted by special glands 

* See Xature., xli., 1890, ]). 104. 
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known by the unpleasant though expressive name of “stink glands,” 

or by the more euphonious Latin name of glanclulae odoriferac. 

As a general rule the larger species of Myriapods are found 

in the hotter climates, some of the tropical species being very 

lai’ge, and some, among the family of the Scolopendridae, extremely 

poisonous; and it is even said that their bite is fatal to man. 

If, however, the Centipede is sometimes fatal to man, it does 

not always have it its own way, for we read of man making 

food of Centi].)edes. It is hard to believe that any human being 

could lender any circiimstances eat Centipedes, which have been 

described by one naturalist as “ a disgusting tribe loving the 

darkness.” Nevertheless, Humboldt informs us that he has seen 

the Indian children drag out of the earth Centipedes eighteen 

inches long and more than half an inch wide and devour them. 

Fig. 16.—Chordeuma sylvestre. (From C. L. KocIj, Die Myriapoden.) 

Tliis, I believe, is the only account of human beings using 

the Myriapoda as food, if we except tlie accounts of the religious 

fanatics among the African Arabs, who are said to devour Centi- 

liedes alive; though this is not a case of eating for pleasure, for 

the Scolopendras are devoured in company with leaves of the 

prickly pear, broken glass, etc., as a test of the unpleasant things 

which may be eaten under the influence of religious excitement. 
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A cold climate, however, is not fatal to some fairly large 

species of Centipedes. A striking instance of this came under 

my own oliservation some years ago. In 188G I was travelling 

in the island of Cyprus—the “ Enclianted Island,” as Mr. Mallock 

calls it ill his hook written aliout the same time—with the 

intention of oliserving its natural history. This island consists 

of a broad fiat country crossed by two mountain ranges of con¬ 

siderable height, thus offering the contrast of a hot climate in 

the plains and a cold climate in the mountains. On the plain 

country I found among the Myriapoda that the most common 

species were a large Scolopendra and a large Lithohius. The 

Scolopendra was fairly common, living for the most part under 

large stones, and it was a pleasant task to search for them in a 

ruined garden near Larnaca. 

This garden was made for the public, and is situated about a 

quarter of a mile from the old town of Larnaca. It has lieen 

suffered to fall into decay, and is now quite neglected. i\Ir. 

Mallock has descrilied many beautiful scenes in his book, but I 

think he could have found few more beautiful than this old 

garden with its deserted gardener’s house, now a heap of ruins, 

but overgrown with masses of luxuriant vegetation, with I>eauti- 

ful flowers peeping out here and there as if charitably endeavour¬ 

ing to hide the negligence of man, and to turn the desolation 

into a scene of beauty. I got several prizes in this garden, but 

found the Alyriapods were principally represented by the species 

I have mentioned. 

After leaving Larnaca I rode across the plain country 

through blazing heat, which was rapidly parching up the ground 

to a uniform brown colour. At every stopping-place I found 

the same species of Scolopendra and of Lithohius. After a few 

days I began to get up among the mountains of the northern 

range, and the burning heat of the treeless plain was gradually 

exchanged for the cool shade of the pine-trees and the fresh air 

of the mountains. As I ascended higher and higher the tem- 

peratme grew cooler till I reached the top of IMount Troodos, the 

ancient Olympus. Here in the month of IMay the snow still 

lingered in white patches, and the air was clear and cold. I 

remained on the top of Troodos for a week, while I made a close 

examination of the fauna to be found tlrere. I was much 

surprised to find the identical species of Scolopendra and 
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Zithohiiis with which I had become acquainted in the heat of 

the low couiitiy, quite at home among the snow, and as common 

as in, what I should have imagined to be, the more congenial 

climate. Nor were they any the less lively, bar from exhibit¬ 

ing any sort of torpor from the cold, the first one which 1 

triumphantly seized in my forceps wriggled himself loose and 

fastened on my huger with a vigour which made me as anxious 

to get rid of him as I had formerly been to secure him. How¬ 

ever, he eventually went into my collecting box. 

On the whole, we may say that the Chilopoda are most 

largely represented in the hotter climates, where they hnd a 

more abundant diet in the rich insect life of the tropical and 

semi-tropical countries. The more brightly-coloured Myriapods, 

too, are for the most part inhabitants of the warmer countries. 

The ease with which they are introduced into a country in the 

earth round plants, and in boxes of fruit, may account to a great 

extent for the wide distribution of the various species in 

different countries. Mr. I’ocock, who examined the Myriapods 

brought hack from the “ Challenger ” Expedition, informs us that 

of ten species lirought from Bermuda, four had been introduced 

from the "West Indies. There is no doubt that animals which 

can bear changes of temperature and deprivation of food, and 

even a short immersion in the water, are well calculated to be 

introduced into strange countries in many unexpected ways. 

As might be expected from a class of animals so widely 

distributed. Myriapods show an almost infinite variety of size 

and colour. AYe find them so small that we can hardly see 

them with the naked eye, as in the case of the tiny Polyxenus, 

the Bauropidae, and the Scolopendrellidae. We also find them 

more than six inches in length, as the larger species of Scolo- 

pendridae. I am afraid we must dismiss as an exaggeration an 

account of Centipedes in Carthagena a yard in length, and more 

than six inches in breadth. The giver ol this account—IJlloa 

—informs us that the lute of this gigantic serpent-like creature 

is mortal if a timely remedy be not applied. It is certainly 

extremely probable that the bite of a Centipede of this size would 

be fatal to any one. Some Centipedes are short and broad, and 

composed of few segments, as GIonieris ; some are long and thin, 

with more than a hundred segments, as GeojMlus. They may be 

beautifully coloured with brilliant streaks of colour, as in some 
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of tlie Julidae or rolvdesinidae, or may be of a dull and rusty 
iron colour, or quite black. 

One of the strangest pecidiarities found among Myriapods is 
that some of them (e.g. Geophilus clectriciis) are phosphorescent. 
As I was walking one summer evening near my home in 
Camlu’idgeshire I saw what I thought was a match burning. 
Looking more closely, I saw it move, and thinking it was a 
glow-worm I picked it up, and was surprised to find that it was 
a Geophilus shining with a Ijrilliant pho.sphorescent light. I let 
it crawl over my hand, and it left a bright trail of light l^ehind 
it, which lasted some time. I have been told that this species 
is common in Epping Forest; also in Cambridgeshire.^ 

Besides G. electricus, G. phosphoreus has been described as 
a luminous species by Linnaeus, on the authority of a Swedish 
sea captain, who asserted that it dropped from the air, shining 
like a glow-worm, upon his ship when he was sailing in the 
Indian Ocean a hundred miles from land. 

What the use of this phosphorescence may be is not known with 
any degree of certainty. It may be either a defence against 
enemies, or else a means of attracting the two sexes to one another. 

The places which the Myriapods select for their, habitation 
vary as much as their colour and size, though, with a few excep¬ 
tions, they chose dark and obscure places. A curious species of 
Myriapod is Pseudotremia cavernarum (Cope), which is found in 
certain caves in America. The peculiar life it leads in these 
caves seems to have a great influence on its colour, and also 
affects the development of its eyes. Mr. Packard’s account 
of them is worth quoting: “ Four specimens which I collected 
in Little "Wyandotte cave were exactly the same size as 
those from (Ireat 'Wyandotte cave. They were white tinged, 
<lusky on the head and fore part of the body. The eyes are 
l)lack and the eye-patch of the same size and shape, while the 
antennae are the same. 

“ Six specimens from Bradford cave, Ind. (wliich is a small 
grotto formed Ijy a vertical fissure in the rock, and only 300 to 
400 yards deep), showed more variation than those from the two 
AVyandotte caves. They are of the same size and form, but 
slightly longer and a little slenderer. . . . The antennae are 
much whiter than in those from the AA'yandotte caves, and the 

1 See L. Jenyiis’ Observations in Nat. Hist. London, 1846, p, 296. 
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head and body are i3a]er, more bleached out than most of the 

Wyandotte specimens. ... It thus appears that the body is 

most bleached and the eyes the most rudimentary in the Bradford 

cave, the smallest and most accessible, and in which consequently 

there is the most variation in surroundings, temperature, access of 

light and changed condition of air. Under such circumstances 

as these we should naturally expect the most variation.” ^ 

A strong contrast to these animals is afforded us by the 

Scutigeridae (Schizotarsia). They are unknown in this country, 

but abound in some of the Mediterranean countries and in parts 

of Africa. They remind one strongly of spiders, with their long 

legs and their peculiar way of running on stones and about the 

walls of houses. 

Some years ago I was in Malta, and I used to go and watch 

them on the slopes outside Valetta, where they were to be found 

in great numbers. They used to come out from beneath great 

stones and run about rapidly on the ground or on the stones and 

rubbish with which the ground was covered, now and again 

making a dart at some small insect which tempted them, and 

seemingly not minding the blazing sun at all. As might be 

expected from their habits, their eyes, far from being rudi¬ 

mentary, like those of the cave-living Fseuclotreinia, or absent 

■ ' “A Revision of the Lysioiietaliclae, a family of the Chilognath Jlyriapoda, with 

a notice of the genus Camhala,” by A. S. Packard, junior, Proc. Amer, Phil. Soe. 

xxi. 1884, p. 187. 
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like those of the Polydesinidae, or of our own CryptoijS, are 

highly developed, and form the only example among the 

IVlyriapods of what are known as facetted eyes. The Scutigeridae 

are also remarkable among Myriapods for the pos.session of a 

peculiar sense-organ which is found in no other Myriapod. 

The Tlyriapods most numerous in our own country are 

Lithohius and Julus. Lit]iohms, which will Ije described later on, 

may he found in almost any garden under dried leaves, stones, 

etc. Julus, the common wire-worm, is found crawling on plants 

and leaves and under the Ixirk of trees, and does a good deal of 

damage in a garden. Polydesmus is also frequently found in 

great numbers, and usually a great many of them together. 

Glovieris is also found, though it is not so common as the first 

two mentioned aniinals. Geophihis is also common, and especially 

in the south of England. Scolopendridae are only represented 

by a single genus, which is not very common, though 

by no means rare. The best place to find them is in manure 

heaps. The animals of this species are small compared to most 

Scolopendras, and have the peculiarity of being without any eyes. 

Scutiyera, is unrepresented in this country. One was found 

in Scotland some years ago Ijy Mr. Gibson Carmichael, but was 

shown to have been imported, and not bred in the place. 

The means of defence possessed l)y these animals also differ 

very much in the different species of IMyriapods. In tlie 

Centipedes the animals are provided with a powerful weapon in 

the great poison claws which lie just Ijeneatli the mouth, and 

which are provided with large poison glands, which supply a 

fluid which runs through a canal in the hard sulistance of the 

claw and passes into the wound made by the latter. The effect 

of this fluid is instantaneous on the small animals which form 

the food of the Centipedes. I have myself watched lAfhohius in 

tills country creep up to a lilue-bottle fly and seize it between the 

poison claws. One powerful nip and the blue-bottle was dead, as 

it struck by lightning. 1 have also seen them kill worms and also 

other Litlholnus in the same way. MTien another Lithohius is 

wounded by the poison claws it seems to be paralysed behind 

the wound. The Millepedes, on the other hand, have no such 

olfensive and defensive weapon. They rely lor protection on the 

fluid secreted Iiy the stiyvKda reiyujjnatoria (or glandulae odori- 

Jerue) mentioned before. This fluid has been shown to contain 
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prussic acid, and has a very unpleasant odour. Most of tlie 

i\Iillepedes are provided with these glands; hut in the cave 

Myriapods mentioned before, the animals have not to contend 

against so many adversaries, and these glands almost disappear. 

Other Myriapods defend themselves liy means of the long and 
stiff bristles with which they are pro¬ 

vided, e.g. the little Polyxenus. This 

means of defence seems to have been 

more common among the fossil Myria¬ 

pods than among those still living. 

Variations in the shape and size of the 

limbs are numerons,as might beexpected F10.I8.—(From 
1 1 n ■ -i ^ r. C. L. Koch. Die Myriapoden), 

in so large a class of animals. One of 

the most curious of such variations is found in a Centipede of the 

Scolopendra tribe, called Eucoryhas, in which the last limlis are 

flattened out and provided with paddle-shaped lobes. The use 

of these is unknown, lint it is probable that they are concerned 

in some -way with the breeding habits of the animal. The 

habits of the Myriapods connected with their l)reeding are most 

interesting, lint have lieeii very insufficiently investigated. There 

is no doubt that a full incpiiry into all such habits would be of 

great interest, and would help to answer some of the problems 

which are still unsolved in these forms. !My own observations 

refer to two forms—Julas tcrrestris among the ^Millepedes, and 

Litlhobius forficatus among the Centipedes. Julns tcrrestris is 

one of the most common of the English Millepedes, and can be 

easily obtained. I kept them in large shallow glass vessels with 

a layer of earth at the bottom, and thus was able easily to 

watch the whole process. They breed in the months of May, 

dune, and July. The female Pahus when about to lay her eggs 

sets to work to form a kind of nest or receptacle for her eggs. 

She burrows down into tlie earth, and at some distance below 

the surface liegins the work. She moistens small bits of earth 

with the sticky fluid secreted by her salivary glands, which 

liecome extraordimirily active in the spring. She works up 

tliese bits of earth with her jaws and front legs till they are of 

a convenient size and shape, and places them together. When 

complete, the nest is shaped like a hollow sphere, the inside 

being smooth and even, while the outside is rough and shows 

the shape of the small knobs of earth of which it is composed. 
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She leaves a small opening in the top. The size of the whole 

nest is alwiit tliat of a small nut. When she is ready to lay lier 

eggs she passes them through the hole in the top, and usually 

lays al)out 60 to 100 eggs at a time. The eggs, which are very 

small, are coateil with a glutinous fluid which causes tliem to 

adhere together. When they are all laid she closes up the 

aperture with a piece of earth moistened witli her saliva; and 

having thus hermetically sealed the nest, she leaves the whole to 

its fate. The eggs hatch in aljout twelve days. 

A German naturalist. Dr. Yerhoeff, has lately found that the 

males of some Julidae undergo certain changes in the form of the 

legs and other organs in autumn and spring. These changes are 

probably connected with the breeding of the animal, and remind 

us of the changes undergone during the breeding season by salmon 
among the fishes. 

Juhis breed very readily if carefully attended to and well 

supplied with food. If they cannot ol^tain the food they like 

they will not breed so well. I found that sliced apples with 

leaves and grass formed the liest food for them. 

The process in the case of Litliohius is nnich harder to watch. 

T/itliohius is not so plentiful as Julv.s terrestris, and the animals 

are more impatient of captivity, more shy in their habits, and do 
not breed so readily. 

In January 1889 I was given the use of a room in tlie Xew 

Museums at Camlmidge, and was allowed to fit it xip as I liked, 

so that I was able to try the effect of different degrees of light 

and darkness, and of different degrees of warmth. I succeeded 

in observing the whole process. The female Litliohius is 

furnished with two small movalJe hooks at the end of the 

under surlace of the Ixody close to the opening of the oviduct. 

These small hooks have Ixeen observed by many naturalists, but 

their use has, so tar as I know, never been described before. 

I hey play an important part in the proceedings following the 

laying ot the egg. The time of breeding in ZithohiKS is rather 

later than in Lulus, and l)egins about June and continues till 

August. There are first of all some comudsive movements of the 

last segments ol the body, and then in about ten minutes the 

‘’■f entrance of the oviduct. The egg is a 
small sphere (al)out the size of a numlxer five shot), I’ather 

larger than that of Zulus, and is covered with a sticky slime 
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secreted by the large glands inside the body, usually called the 

accessory glands. When the egg falls out it is received by 

the little hooks, and is firmly clasped by them. This is 

the critical moment in the existence of the Lithohius into 

which the egg is destined to develop. If a male Lithohius sees 

the egg he makes a rush at the female, seizes the egg, and at 

once devours it. All the subsequent proceedings of the female 

seem to be directed to the frustration of this act of cannibalism. 

As soon as the egg is firmly clasped in the little hooks she 

rushes off to a convenient place away from the male, and uses 

her hooks to roll the egg round and round until it is completely 

covered by earth, which sticks to it owing to the viscous material 

with which it is coated; she also employs her hind legs, which 

have glands on the thighs, to effect her purpose. When the 

operation is complete the egg resembles a small round ball of 

mud, and is indistinguishable from the surrounding soil. It is 

thus safe from the voracious appetite of the male, and she leaves 

it to its fate. The number of eggs laid is small when compared 

with the number laid by Julus. 

Tlie food in the case of Lithohius consisted of worms and 

blue-bottles, which were put alive into the glass vessel containing 

the Lithohius. I tried raw meat chopped up, but they did not 

thrive on it in the same way that they did on the living animals. 

I also put into their vessel bits of rotten wood containing larvae 

of insects, etc. 
I have succeeded in bringing back some specimens of Fohjdesmus 

alive from Madeira, and in getting them to lireed in this country 

—of course in artificial warmth—and their way of laying eggs 

and making a nest resembles that of Julus. Geo2}hilus has one 

curious halnt in connexion with the fertilisation of the female. 

The male spins a web and deposits in the middle of it a single 

spermatophore, and the female conies to the well to lie fertilised. 

The Scolopendridae are said to bring forth their young alive, but 

I think the evidence for this is unsatisfactory. What have 

been taken for the young Scolopendrae are perhaps tlie large 

sperniatophores of the male, which are not unlike a larval Myria¬ 

pod in size and shape. I have never been able to observe the 

process of breeding in this lamily. I have had the sperniatophores 

sent me from Gibraltar as “ (?ggs, but a little examination soon 

showed me their real character. 
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The mode oi’ progression in the iVIyriapods differs consideraljly, 

as might he expected in a class in whicli the nnmljer of legs 

varies to snch a.n extent. The swiftest among them are the 

Scutigeridae with their long spider-like legs. The Scolopendridae 

are also able to move with considerahle rapidity, and are also 

able to move tail forward almost as well as in the ordinary 

manner. 'WTiere there are snch a nnmber of legs it Incomes a 

curious (piestion as to the order in which the animal moves 

them; and though several people have endeavoured to find this 

out, the jiumber of legs to l)e moved and the rapid moA'ements 

have rendei’ed accurate ol:)servation impossible. 

Some years ago I'rofessor E. Eay Lankester tried to study the 

order in which the legs of Centipedes moved, and came to the 

conclusion (recorded in an amusing letter in Xature, 23rd May 

1889) that if the animal had to stiidy the rpiestion itself, it 

would not get on at all. He finishes his letter with the follow¬ 

ing verses :— 

A Centipede was liapj)y quite 
Until a toad in fun 
Said, “ Pray which leg moves after which ?” 
This raised her doubts to such a jutch, 
She fell exhausted in the ditch, 
Not knowing how to run. 

The progression of Millepedes is much slower than that of 

the Centipedes, and it is remarkable that when the animal is in 

motion a sort of wave runs down the lono- friiiu'e-like row of feet. 

I have endeavoured to make out this motion, but have never 

Iteen able to understand it satisfactorily. My belief was that 
the feet were moved in sets of live. 

This wave-like peculiarity of motion is ilescribed in a curious 

old bonk. An JA.'idi/ toircD'ds a Xtfttind History of Serpents. 

Charles Cwen, 1). 1). London, 17T2: “The Ambua, so the 

natives of Lrazil call the IMillepedes and the Centipedes, are 

serpents. Those re})tiles of thousaml legs bend as they crawl 

along, a-nd a.i-(‘. ir'ckoned very poisonons. In these IMultipedes the 

mechaidsm of the body is very curious; in their going it is 

observable that on each side of their bodies every leg has its 

motion, one regularly after another, so that their legs, being 

numei’ous, lorm a kind of undulation, and thereby communicate 

to the body a swdlter progi’ession than one could imagine where 
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SO many short feet are to take so many short steps, that follow 

one another rolling on like the waves of the sea.” 

Before proceeding to the classification of Myriapods, which 

will form the next part of this account, a few words on the 

common names for them may not he without interest. 

In English we have the names Centipede and Millepede, 

and the Continental nations have similar names implying the 

possession of a hundred or a thousand legs, as the German 

“ Tausendfiisse ” and the French “ Millepieds.” Of course these 

are general words, simply implying the possession of a great 

number of legs. But we have also among the peasantry a name 

for Centipedes which conveys a much more accurate idea of the 

number. The people of the eastern counties (I daresay the 

term is more widely spread) call them “ forty legs.” This is not 

quite accurate, but as Litliohius has 17 legs on each side, and 

&'colQpendra (Cri/j^toj^s is the English species) has 21 on each side, 

it is a better approximation than Centipede. But another 

country has a still more accurate term. I found some Scolo- 

liendra in Beyrout, and asked my native servant what he called 

them. He gave them what I afterwards found was the, common 

Arab name for them, “'arba wal 'arbarin,” forty-four legs. How 

the Scolopendras, which in hotter climates are the chief representa¬ 

tives of the Centipedes, have actually forty-two legs, or, if the 

poison claws are counted, forty-four. In looking up the Arab 

term for Centipede I came across a curious description given ot 

them by Avicenna, the great Arabian physician : “ This is an 

animal known for its habit of going into ears. For the most part 

it is a palm’s length ” [about four inches, which is the average 

length of many species]. “ On each side of the body it has twenty- 

two feet, and moves equally well either backwards or forwards.” 

MTth regard to its alleged habit of going into ears, the 

learned Araluan has evidently made a false imputation on the 

character of our animal, and has probably relied too much on the 

stories told him. He has also exaggerated in stating that it 

goes equally well either liackwards or forwards. Some Centi¬ 

pedes can go backwards very easily and well, though not so well 

as forwards. Perhaps he preferred examining dead specimens, 

which afford an easy opportunity of counting their legs, to experi¬ 

menting with living animals, which might have resented liberties 

taken with them. 
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The I'ersians have several words for them, less accurate than 

the Arabs and more like our own terms. For instance, they call 

them “ Hazarpa,” or thousand feet, like our Millepedes ; also 

“ 8ad[)a,” or hundred feet, ecpiivalent to our Centipedes. Another 

term resemldes our common term before mentioned, “ Chehlpa,” 

forty feet. A more figurative term is “ tashih dud,” a worm 

resembling a rosary with a hundred Ijeads ; this word is trans¬ 

lated in Itichardson’s Persian Dictionary as “ a venomous insect 

having eight feet and a piked tail.” 

Classification of the Myriapoda. 

Two of the principal writers on the classification of the 

iMyriapods are Koch and Latzel, l)oth of whom have classified 

the whole group. I do not wish for a moment to undervalue 

the many authors who have done excellent work on the classifi¬ 

cation of different groups and families, hut I wish here to give 

an outline of a classification of the whole class, and I naturally 

have recourse to the authors who have treated the subject as a 

whole. 

Koch’s two works, the System der Myriapoden ^ and Die 

MyriapodenS' cover the whole range of the class, and his divisions 

are clearly marked out and are easily understood, Init both works 

are comparatively old. He does not include the Scolopendrellidae 

or the I’auropidae, which are now included Ijy all naturalists in 

the Myriapoda. Latzel is a more recent writer, and though his 

work is entitled The Myriapods of the Austro-Hunyarian Empire^ 

lie gives much , information about Myriapods not found in 

Europe, and his work is fairly entitled to be considered as 

embracing the whole class. He divides the IMyriapods into four 

Orders, including the Scolopendrellidae and Pauropidae. On the 

whole, I thiidc it will be better here to take the classification of 

Koch, and to add to it tlie two Orders before mentioned, A’iz. 

Symphyla containing one family the Scolopendrellidae, and I’auro- 
poda witli one family tlie Pauropidae. 

The Orders are as follows ;— 

^ C. L. Ivooli, System der Myricqmden. Rcgenslierg, 1847. 

- C. L. Kocli, Die Myriapoden. Halle, 18(38. 

^ Latzel, Die iryriapodcn der GEstcrreicJiiscJi - Ungarischoi MonarcJiie. Wien, 
1880. 
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Order I. Chilognatha ( = Diplopoda). 

Antennae short, 6, 7, or 8 joints. Eyes congregate, simple, 

or none. Body rings consisting of dorsal scute, two pleurae, 2 

or 4 laminae pedigerae. Odoriferous glands mostly present. 

Genital orifice in male and female placed between 2nd and 3rd 

segment. In malp, auxiliary copulatory organs in last segment 

or on 7th, 7th and 8th, or 8th. 

Suborder 1. Pselapsognatha. Body having no auxiliary copulatory 

organs or odoriferous glands. 

Family 1. Polyxenidae. (Fig. 18, ji. 37.) 

Antennae 8 joints. Somites 11, last with bundle of setae. 13 pairs of legs, 

iSIale with penis. 

Family 2. Glomeridae. 

12 tergites. 17 pairs of legs. Ocelli in single row. 

Fig. 19.—-Gloineris marginata. (From C. L. Koch, Die Myriapoden.) 

Family 3. Zephroniidae. 

13 tergites. 21 pairs of legs. Eyes crowded together in a cluster. 

Fig. 20.—Sphaerotherium grossum. (From C. L. Koch, Die Myriapoden.) 

Family 4. Jididae. 

Body cylindrical. More tlian 30 body rings. Many eyes crowded 

together in a cluster. Odoriferous glands always present. 

Fig. 21.—Juhis nemorensis. (From C. L. Koch, Die Myriapoden.) 
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Family 5. Blavjulidac. 

Tliiii cylindrical body with more than 30 body rings. Eyes either 

absent or in a simple row beneath the edge of the lorehead. 

Resemble the Pobjdesmidae (Fam. 7), bnt the head is longer and less rounded 

in the forehead. The antennae are placed more at the side of the head. 

Eyes small and numerous, in a cluster. Somites 30 or 32. (Fig. 16). 

Family 7. Polydesmidae. 

Body cylindrical, with a lobe or keel on the posterior part of the upper 

surface of the body ring. Somites 19 or 20. No eyes. 

Suborder 2. Colobognatha. Family 8. Polyzoniidae. 

Head small, eyes few or none. Mouth-parts degenerate, adapted for 

sucking. Pleural scutes free or coalesced. Laminae pedigerae free. Somites 

Pig. 24.—I'ohjzonium germanicum. (From C. L. Koch, Die Myriapoden.) 

30 to 108, 1st and 2ud somites with one ]iair of feet. 3rd or 1st and 

2nd apodous. Foramina repugnatoria ]>resent, Auxiliary copulatory organ 

in 7th somite. 

Order Tl. CiiiLoroDA (or Sykgnatha). 

Aiiteiniae with many joints, at least 14. Only one pair of 

legs to each hody ring. The genital opening on the last ring 

of the hody. Bases of the legs widely separate. 

There are four families in this Order :— 
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Family 1. Lithobiidae. 

Body short and depressed. Eyes many or few ; or a single ocellus on 

each side. Antennae many joints hut shorter than body. Number of 

Fig. 25.—Lithobius eryihrocephalus. (From C. L. Kocli, Die Myriapoden.) 

spiracles fewer than pairs of feet. Strong anal legs. Number of somites 15. 

Family 2. Scolopendridae. 

Body elongate. Ocelli on each side 4, 2, or none. Antennae 17 to 23 

joints, much shorter than body. Spiracles fewer than })airs of feet. Anal 

legs long and strong, number of legs 21 or 23. (Fig. 15, p. 31.) 

Family 3. Notophilidae. 

Body very long. Somites 100 to 170. No eyes. Maxillary paljis very 

Fig. 26.—Notophihis taeniatus. (From C. L. Koch, Die Myriapoden.) 

thick. Compact or very short limbs. Terminal point of last limb without 

claw. 
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Family 4. Geophilidae. 

Body very long; legs 13 to 173 pairs. No eyes. Antennae 14 joints, 

Fro. 27.—Oeophilus longicornis. (From C. L. Koch, Die Myriapoden.) 

shorter than body. Spiracles fewer than pairs of legs. Anal pleurae coxi- 

form. 

Order III. Schizotapsia. 

The tarsi of all the legs niultiarticulate. The eyes facetted. 

l*eculiar sense organ beneath the head. 

Family 1. Scutigeridae. 

Body short and strong. Antennae very long and thin. Facetted eyes. 

No spiracles, but stomata in back. (Fig. 17, p. 35.) 

Order lY. Symphyla. 

Body small, 12 segments, which according to Schmidt equal 

22 primary segments. One pair of tracheae opening in the head. 

Oenital opening before coxae of 4th pair. 1st and 2nd segments 

with one pair of legs,, rest with a pair and parapiodia. Ovaries 

l.ieneath the gut. A head artery and a dorsal vessel with ostia 

and alary muscles. 

Family 1. Scotnpiendrellidae. 

With the characters of the Order. 
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Order V. Paukopoda. 

Body 12 somites, 8 of which fuse to double somites, 7 pairs of 

legs. 1st and anal legs with 5 joints, rest 6 joints. Antennae 

branched. No tracheae or vascular system. Ovary below gut, 
testis above. Genital opening in 3rd somite. 

lYith long legs. 

With short legs. 

Family 1. Pauropidae. 

Family 2. Eurypauropidae. 

The Structure of the Myriapoda. 

Having now given a short view of the classification of the 

Class, I will proceed to give a general account of their structure, 

the variations in which have led to the divisions into the various 

Orders and Families. Their structure shows resemblances to 

several widely different classes of animals. One cannot help 

being impressed with their likeness to the Worms, at the same 

time they have affinities with the Crustaceans, and still more 

with the Insects. In the latter class the likeness hrThe'Tfhy- 

sanuridae to Scolo'pendrella and Pauroints have induced a cele¬ 

brated Italian anatomist. Professor Grassi, to claim the former as 

the ancestors of the Myriapoda. 

Myriapods have a body which is segmented, as it is termed; 

that is, composed of a number of more or less similar parts or 

segments joined together. 

One of the most important characteristics which distinguish 

Myriapods from other Arthropoda is the fact that they possess 

on the posterior segments of the liody true legs which are 

jointed and take part in locomotion. The head is in all cases 

quite distinct from the body, and may be regarded as a number 

of segments fused together into one mas.s. Their heads are ^ 

always provided with a single pair of antennae and mouth \ 

appendages, consisting of an upper lip, a pair of mandibles or i 

jaws,'and one to two pairs of viaxillae. The mandibles resemble 

those of Insects, and are strongly toothed. In the Chilognatha 

a pair of maxillae are fused so as to form a single oval appendage. 

In the Chilopoda they each consist of a single blade bearing a 
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short palp or feeler. The mouth parts may have the forms 

known as chewing, hiting, or suctorial (^Fohjzoniiim) mouth 

appendages. 

With the exception of the terminal segment, and in many 

cases the first or the seventh, each segment hears 02ie or two 

pairs of limbs. These may he very long, as in Hc.ut/ujera, or very 

short, as in Polyxenus. They may Ije attaclied close to one 

another near the ventral middle line of the Ijody, or may 

have their leases far apart from each other, as in the Chilopoda. 

The exoskeletoii or external armour is composed of chitin V 

(Chilopoda) or of chitin with calcareous salts deposited in it 

(Chilognatha). 

^ Their internal structiu-e has a great likeness to that of 

Insects. 

The general position of the internal organs may be seen from 

Fig. 28, which shows a Lithobius dissected so as to exhibit the 

digestive and nervous systems. 

The digestive caned, which is a straight tube, extends through¬ 

out the whole length of the body, and terminates in the last 

segment of the body. It may be divided into the following- 

parts :— 

1. A narrow oesophagus, beginning with the mouth or buccal 

cavity, and receiving the contents of two or more 

salivary glands id.). 

2. A wide mesenteron or mid-gut {%) extending throughout 

almost the w'hole length of the body. 

3. A rectum which at its junction with the mid-gut receives 

the contents of two or four Malpighian tubes (g, h) which 

function as kidneys. Their function was for a long 

time unknown, Init the discovery of crystals of uric 

acid in them placed the matter ].)eyond doubt. 

The heart has the form of a long pulsating dorsal vessel 

which extends through the whole length of the animal. It is 

divided into a nundjer of chaml)ers, which are attached to the 

dorsal wall of the I»ody, and are furnished with muscles of a 

wing-like shape, which are known as the alary muscles, and 

which govern its pulsations. The chambers are furnished with 

valves and arteries for the exit of the ])lood, and slits known as 

ostia for the return of the ITood to the heart. The blood enters 

the chambers of the heart from the body cavity through the 
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ostia, and passes out through the arteries to circulate through 

the organs of the body and to return l)y the ostia. 

The t^yo figures below (Tigs. 29 and 30) show the position of 

the arteries and the ostia in a single segment of the l»ody. The 

heart is too small and delicate to he seen with the naked eye; it 

Fig. 28.—Lithohius dis¬ 
sected. (After Vogt 
uud Yung.) 

a, antennae. 
h, poison claws. 
c, brain. 
d, salivary glands. 
e, legs. 
f, nerve cord. 
g, Malpighian tube. 
h, Malpighian tube. 
i, vesicula seminalis. 
j, accessory gland. 
k, accessory gland. 
l, testis. 
VI, thigh gland. 
n, digestive tube. 

therefore requires the aid of the microscope. A freshly-killed 

animal was therefore taken and prepared in the manner known 

to all microscopists, and extremely thin slices cu' sections cut 

horizontally from its Ijack. One of these sections cut the whole 

length of the heart in one segment, which was accordingly drawn 

under the microscope (Tig. 29), and shows a longitudinal hori- 
E 

VOL. V 
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zoiital section through the whole length of the heart in a single 

segment, with the two ostia at each end of the segment and the 

two arteries in the middle. 

The arteries, when they leave the body, pa.ss into masses of 

fatty tissue on either side of the heart, and the other fighre (Fig. 

dO) is intended to showthe artery leaving the heart and penetrating 

into the fatty tissue. The figure is taken from the same section 

as the former one, hut is much more highly magnified, so as to 

show m(.)re detail. The delicate coats of the heart are shown, 

the artery being covered with a clothing of large cells. 

Pig. 29.—Heart of 
Julus terrestris 
showing ostia (ost) 
and arteries (Art) 
magnified. 

Fig. 30. — Heart of Julus terrestris showing structure of 
artery (Art.) and external coat of heart (ext.c), also fat body 

highly inaguifled. J/f, The cavity of the heart. The 
circular muscle fibres which surrouuds the heart are shown 
just below the external coat (ext.c) O'jl, Oil globules of the 
fat body. 

IMyriapods breathe by means of tracheae, with the exception of 

the Scutigeridae, which have an elementary form of lung which 

resembles that ol spiders, and will lie mentioned further on. 

These tracheae, as in Insects, are tubes lined with chitin, which 

is arranged in spiral hands. The tracheae open to the exterior 

by openings calletl dijpiutta, through which they receive the 

external air, which passes into the main tracheal tubes and into 

tlbdr ramifications, and thus effects the aeration of the blood. 

The nervous s//stc)ii of the iMyria])ods consists, as in Insects, 

ot a brain, which may he more or less developed, a cirenm- 

oesophageal ring embracing the oesophagus, and a ventral chain 

of ganglia, and in some cases (Newport) of a system of visceral 
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nerves. AVith the nervous system we may mention the sense 

organs, the eyes, which are present in most cases, thoug^i 

wanting, as has been already stated, in many groups. They are 

usually present as clusters of ocelli or eye spots closely packed 

together, or (in Scutigera) as peculiarly formed facetted eyes. The 

sensory hairs on the antennae must be reckoned as sense organs, 

as also the tufts of sense hairs on the head of Polyxenus. Scuti¬ 

gera has also a peculiar sense organ beneath the head, consist¬ 

ing of a sac opening on the under side of the head full of 

slender hairs, each of which is connected at its base with a nerve 

fibre. Except the eyes, the Myriapod sense organs have usually 

the form of hairs or groups of hairs connected wfith nerve fibres, 

which communicate with the central nervous system. 

Fig. 31.—Umlev side of the head 
of Scutigera coleoptrata, with 
sense organ, eo, Opening of 
sense organ to the exterior ; 
o, sense organ shown through 
the cliitin ; m, mouth ; oc, 
eye ; mxl, maxilla ; /, furrow in 
the chitin. (Heathcote, Sense 
organ in Scutigera coleoptrata.) 

Fig. 32.—Highly magnified section through head 
of Polyxenus lagarus, showing sense organ. 
ext.cut, external cuticle ; t, tube surrounding 
base of sense hair ; gang.r, ganglion cell. 
(Heathcote, Anatomy of Polyxenus lag unis.) 

These two sense organs are shown in Figs. 31 and 32. 

Fig. 31 shows the under side of the head of Scutigera (Fig. 

17), with the position of the sense organ and its opening. 

Fig. 32 is part of a section through the head of Polyxenus with 

two of the sense hairs. Each spine or sense liair fits into a cup 

in the chitin of tlie head; and the lower or internal part, which 

is divided from the upper or external part by a rim, is joined to 

a ganglionic nerve cell (gang.c.'). 

The Myriapods are of separate sexes, and the generative 

organs in both cases usually have the form of a long unpaired 
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tiibe, which in tlie male is connected witli accessory glands, and 

in the female is nsnally provided witli doulde receptacula 

seminis. The generative o]ienings usiially lie near the base of 

tlie second pair of legs (Chilognatha), or at the ])Osterior end of 

the body (Cliilopoda). In the Chilognatha there is nsnally in the 

male an external copnlatory organ at the base of the seventh pair 

of legs, remote from the genital opening. 

The preceding account of the anatomy of the IMyriapods has 

shown ns the general characteristics of the whole group. I shall 

now take each of the five Orders into which the class is divided 

in the classification adopted in this account, and endeavour to 

explain the differences in anatomy which have led to the estah- 

lishnient of the Order. The first Order with which we have to 

do is that of the Chilognatha, which includes a large number of 

IMyriapods; no less than eight families, some of them including 

a great number of forms. 

Order I. Chilognatha. 

The Chilognatha differ from other Orders in the shape of the 

body. This is in almost all cases, cylindrical or sub-cylindrical, 

instead of being more or less flattened as in the other Orders. 

The body, as in all other Myriapods, is composed of segments, 

l)ut in the Chilognatha these segments are composed, in almost 

all cases, of a complete ring of the substance of which the 

exoskeleton (as the shell of the animal is called) is composed. 

This sul)stance is in the case of the Chilognatha chitin (a kind 

of horny substance, resembling, for instance, the outer case of a 

beetle’s wing), containing a quantity of chalk salts and colouring 

}natter; the sul(Stance thus formed is hard and tough. In other 

Orders the chitin of the exoskelet(.>n is without chalky matter 

and is much more flexible. The length of the liody, as may l)e 

seen from the classification, mav be either very lono- as in Juhis, 

or very short, as in Gloineris. 

The next anatomical character <listinctive of the Order is 

the form of the appendages. First, the antennae. These are, as 

a general rule, much shorter than in the Chilopods, never 

reaching the length of half the l)ody. They are, as a rule, club- 

shaped, the terminal half being thicker than the half adjoining 
the body. 
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The next appendages to lie mentioned are the mouth parts. 

These differ in form from those of the other Orders, and their 

differences are connected very largely with the fact that the 

Chilognatha live on vegetalile substances. Their mouth parts 

are adapted for chewing, except in the case of the Polyzoniidae, 

the eighth family of the Order, in which, according to Brandt, 

the mouth parts are adapted for sucking, and are prolonged 

into a kind of proboscis. The mouth parts of the Chilognatha 

consist of— 

(1) All upper lip. A transversely-placed plate, which is fused 

with the rest of the head. 

(2) A pair of powerful mandibles or jaws adapted for mastica¬ 

tion, and moved by powerful 

muscles. / and g in Fig. 33 

shows these mandililes, wliile 

the rest of the figure consti¬ 

tutes the broad plate (No. 3). 

(3) A liroad plate covering the under 

part of the head and partially 

enclosino; the mouth. This 

structure, which, as we shall 

afterwards see, is formed by 

the fusion of two appendages 

which are distinct in the 

animal when just hatched, has 

been called the deutomalae, 

the jaws receiving the name of 

protomalae. 
After the mouth parts we come to the legs. "We first notice 

the lact that the bases of the legs in each pair are closely 

approached to one another. They are so set into the liody that 

the basal joints, or, as they are called, the coxal joints, nearly 

touch. This is the case in almost all Chilognatha, except in the 

I’olyxenidae, and it is a fact connected with some impoitant 

features in the internal anatomy. Then we have the peculiarity 

in the Chilognatha which has formed the basis of most classifi¬ 

cations which have placed these animals in a group by themselves. 

This is the possession in most segments of two pairs of legs. 

This characteristic has caused the group to lie called liy some 

naturalists Diplopoda. As a general rule, the first four segments 

. 3.3. — Mouth part.? of 
Chilognatha. (From C. L. 
Koch, Die System, der 
Myriapoden.) f and g, 
The mandibles. The parts 
marked a, b, c, d, e are 
firmly united and consti¬ 
tute the broad plate No. 3. 
They have received the 
following names—a, b, In¬ 
ternal stipes ; c, external 
stipes ; d, malellae ; e, 
hypostoma. 
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liave only three pairs of legs Ijetween them, one of them Ijeing 

without a pair of legs. This legless or apodal segment is 

nsually the third. From the fifth segment to the end of the 

body all the segments have two pairs of legs each. The legs are 

shorter than those of the Chilopods, and are all nearly epual in 

size. This is not the case in the other Order.s. The legs are 

commonly wanting in the seventh segment of the male, and are 

replaced Ijy a copulatory organ. This peculiarity is related to 

the different ])ositi(jn of the generative openings in the Chilo- 

gnatha. Another anatomical feature peculiar to the Chilognatha 

is the possession of the stink glands—the glandulne odoriferae 

before mentioned. This, however, is a character which does not 

hold for all the Chilognatha, since the I’olyxenidae have none of 

these glands. All the other families, however, possess them, 

except the Chordeumidae. 

As regards the internal anatomy of the Chilognatha, the 

digestive canal differs mainly in the glands which supply it with 

secretions. It receives the saliva from two long tubular salivary 

glands, which open at the base of the four-lolied plate which has 

l)een mentioned as the third of the mouth appendages. The 

secretion of these glands is used, as has already been said, in the 

process of preparing the nest for the eggs. "We cannot fail to 

be reminded of a similar function of salivary glands in those 

swallows, which prepare the nests of which bird’s-nest soup is 

made with the secretion of the salivary glands. Another feature 

in the form of the digestive tube is that in many cases, if not in 

all, it is marked with constrictions which correspond with the 

segments of the body. 

The heart in the Chilognatha is not such a highly developed 

organ as in the other Orders. The muscles which have already 

been mentioned as the alary muscles (or wing-shaped muscles) 

are not so highly developed, and consist for the most part of a 

few muscular fibres. The muscular walls of tlie heart, which 

consist of three layers, lun^e the muscles less strongly developed, 

and are in general adapted for a less energetic circulation. 

The tracheae, which open into the stigmata, as has already 

been said, launch into tufts of line tubes, but the ramifications of 

these tufts never join (or anastomose, as it is called), and con- 

serpiently we never get, as in the other Orders, long tracheal 
trunks running along the body. 
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The nervous system, in addition to the existence of the 

visceral nerve system described by I^ewport, shows a marked 

peculiarity in the form of the ventral ganglionic chain. As 

has already been said, the nerve system consists of a Ijrain or 

mass of nang-lia fused together and connected with the ventral 

nervous cord by a collar of nervous substance surrounding the 

oesophagus, and generally known as the circitmoesophagecd collar. 

The ventral nerve cord is a stout cord of nervous substance 

passing along the whole length of the animal, and situated below 

(or ventral to) the digestive tube and the generative system. 

This cord is enlarged at certain points, and these enlargements or 

swellings are called ganglia, while from the ganglia pass oft' 

nerves which supply the different organs of the body. In the 

Chilognatha the cord has a compressed appearance as if the 

ganglia were pressed into one another in such a .way that it is 

very hard to distinguish any ganglia at all. If we use the 

microscope and examine sections cut transversely through the 

cord, we see that it is not a simple cord. Even if we examine 

the nerve cord with a simple lens, we see that a furrow runs 

longitudinally down it, and the use of the compound microscope 

shows us that this furrow represents a division into two cords in 

such a way that the single stout cord as it appeared to the naked 

eye is in reality two cords running side by side, and so com¬ 

pressed together that the substance is partly fused together. 

The ganglia too are double, being swellings of the two cords and 

not a single enlargement on a single cord. As we shall see in 

the other Orders, this arrangement constitutes a characteristic 

distinction. 
The generative organs consist of a long tubular ovary or testis 

lying along almost the whole length of the body and placed 

Ijetween the digestive organ and the nervous system. Near its 

exit from the body the long tube divides into two short tulles, 

the oviducts in the female or the vasct deferentia in the male. 

These ducts open in the third segment of the liody, unlike 

those of Myriapods belonging to other Orders. The accessory 

glands present in most other Myriapods are not present in the 

Chilognatha. 
The general arrangement of the organs of the Chilognatha 

may be seen from Eio,'. 34, which represents a transverse section 

through the body of Polyxenus (Fig. 18). A comparison of 
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these two figures (Figs. 34 uiul IS) will show the position of the 

organs mentioned in this account. The heart is shown with 

the suspensory and alary muscles attached. 

Fig. 34.—Transverse section throngh Polyxenus lagurus: g.n.c, f.n.c, ganglionic and 
fibrous parts of nerve cord ; Rec.sen, receptaculum seininis ; ori.dct, oviduct ; 
Sjpvizoa, sperniatoza. (From Heathoole, Anatomy of Polyxenus lagurus.) 

Order II. Chilopoda. 

The shape of the body difters from that of the Order which 

has been just described (Chilognatha), inasmuch as it is not 

cylindrical but flattened, the hack, however, being more arched 

than the A^entral surface. In this re.spect, however, it cannot be 

said to diller from the other Orders which we have yet to describe. 

llie segments are nut formed 1)y a single ring of the 

exoskeleton, which in this Order is formed of clutin, and is tough 

and flexible rather than hard and strong; but of two or three 

plates which form a covering to the segment. The back is 

covered by a large plate known as the tcrgum, the sides by two 

plates known as and the ventral part liy a plate called 
the sfcrnimi. Ihe pleura ;ind sternum are, however, in most cases 

fused together or indistinguisliable. In this, as in most of the 

anatomical peculiarities, there is a much greater difference 

between the two Orders Chilopoda and C'hilognatha than between 
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the Chilopoda and the other three Orders which have still to be 

described. 

The Chilopoda have only one pair of appendages to each 

segment of the body instead of two pairs like the Chilognatha. 

The antennae of the Chilopoda are as a rule very long, and 

are always longer than in the Chilognatha which we have jnst 

described. They differ from those of the Schizotarsia (the third 

Order, which will he the next to be described) in having the 

basal joints nearer together; in other words, they are differently 

placed on the head. They differ from those of the Pauropoda 

(the fifth Order) in being straight and not branched. As a rule 

the antennae of the Chilopoda taper towards the extremity. 

c B A 
Fig. 35.—Mouth parts of Lithohius (Latzel). A, Head of Lithobiiis seen from the 

under surface after removal of poison claws : a, second maxilla ; b, c, the two 
shafts of the flr.st maxilla. B, One of the mandibles. C, The two poison 

claws. 

The month parts are more numerous than in the Order we 

have just descrilied (the Chilognatha). They consist of— 

1. An upper lip. This is a transverse plate as just described 

in the case of the Chilognatha, but it is not always 

fused with the rest of the head. It is- also usually 

composed of three pieces, two lateral and a middle piece. 

2. A pair of Jaivs or maoidibies, which are not ol so simple a 

form as those of the Chilognatha, but rather resemble 

those of some of the Crustacea. 

3 and 4. Two pairs of appendages called maxillae resem- 

blin*’- feet, but used to aid the act of eating instead 
O' ^ 

of locomotion. They are very different in different 

Chilopods, l)ut are mostly slender and weak and usually 

provided with feelers (or palps) growing out of the 

main stem. 
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5. Tlie next pair of appendages are tlie first pair of the legs 

of the body, which are also metamorphosed to serve 

a function different from the amlmlatory function of 

the other lindjs. These are the porsow- claws, and the 

possession of these forms another distinction between 

the Order we are now discussing and that of the Chilo- 

gnatha. At the same time the third Order, that of the 

Schizotarsia, has ])oison claws, so that this feature does 

not separate the Chilopoda from all the other Orders. 

These poison claws are large curved claws connected 

with poison glands, the secretion of which flows through 

a canal which opens near the point. 

The legs are longer than those of the Ghilognatha, Imt not so 

long as those in the next Order to Ije descriljed (the Schizotarsia). 

Their number is very various, from 15 pairs in Lithohiv.s to 17.3 

in the Geophilidae. Latzel notes a curious point in tho nmnl)er 

of the legs in this Order, namely, the nuinher of pairs of legs is 

always an uneven one. There are always one pair to each seg¬ 

ment. The last pair of legs is always longer than the other 

pairs, and this is a peculiarity of the Order. 

The digestive tube resembles that of the other Orders, Tnit 

the salivary glands are not long and tulndar but short (Fig. 28, 

d). It is, moreover, not marked with constrictions corresponding 

with the segments of the body. 

The tracheal system or the system of respiration may he 

said to Ije more highly developed in this Order than in any 

other. The tracheal branches anastomose with one another (that 

is, the branches join), and in some cases form long tracheal stems 

running along the liody almost for its whole length. The numl)er 

of the tiaicheal openings or stigmata varies and does not correspond 
with the number of seu’inents. 

The vcrvous system differs consideralily from that in the 

Order Ghilognatha; it resembles that in the Schizotarsia, and 

differs again from that in the other two Orders, Symphyla and 

I’auropoda. The lirain shows some differences from other Orders 

chielly in the development of the different lobes which are con¬ 

nected with the sense organs, the eyes and antennae, for instance ; 

l)ut the most marked difference is in the ventral ganglionic cord. 

First, the ganglionic swellings are much more clearly marked 

than in the Ghilognatha.. Secondly, the first three ganglia differ 
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from the others in being nearer to one another and forming a 
single mass when seen by the naked eye, though when examined 
by the aid of a microscope we can see all the different parts are 
there. Thirdly, the division into two cords mentioned in the 
Chilognatha is carried to a much greater extent. The ganglia in 
each segment can be seen plainly to be double, and the cords 
connecting the ganglia are two in number. AVe can plainly see 
that the ventral nervous system of the Ghilopoda consists of two 
cords lying parallel to one another, and each having a ganglionic 
enlaro-ement in everv segment. AVhether a visceral nervous 
system is present in the group is doubtful. 

The eighth family of the Chilognatha, the Polyxenidae, show 
an approach to the Chilopod nervous system. 

The generative system differs chieiiy in the opening of the 
genital apparatus at the end of the body instead ot in the third 
segment; though this difference only separates the Order from 
the Chilognatha and not from the other Orders. They also have 
two pairs of large accessory glands (as they are called) connected 

with the genital openings. 

Order III. Schizotarsia. 

The third Order of Myriapods, the Schizotarsia, show a much 
greater resemblance to the Chilopoda than to the first Order, the 
Chilognatha. There are, however, important differences to dis¬ 

tinguish them from all the other Orders. 
The shape of the body is short, thick, and very compact. The 

composition of the individual segments resemldes that lound in 

Chilopoda rather than that of Chilognatha. 
The antennae are very long, longer than in any of the 

Chilopods, and are composed of a great nuniljer of very small 
ioints. The month parts show a greater length and slenderness 
than do those of the other Orders mentioned as yet. They con¬ 

sist of— 
1. An 'icppeT lip partly free, but fused at the sides with the 

rest of the head. The upper lip is in three parts, as in 
the Chilopoda, l;nit with the middle part very small and 

the lateral pieces large. 
2. A pair of jaws or viandihles. These are provided not only 

with' teeth, as in the other Myriapods, but also with a 

sort of comb of stiff liristles. 
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3 and 4. Two pairs of viaxillac or fo(jt jaws distinguished hj 

their length and slenderness. 

5. The poiso^i clau's long, slender, and not sharply curved. 

The liases of the poison claws hardly fused together and 

short. 

The rcsjnrator}/ sijstem in the Schizotarsia differs from that in 

all other Myriapods in the fact before mentioned, tliat they 

breathe by means of lungs and not by tracheae. There are, as 

l iefore mentioned, eight dorsal scales in these animals ; each dor.sal 

scale except the last bears one of the peculiar organs which I 

have called lungs. At the hinder end of the scale there is a slit 

which leads into an air sac, from which a number of short tubes 

project into the blood in the space round the heart and serve to 

aerate it liefore it enters the heart. The lieart, therefore, sends 

aerated blood to the organs, while in the tracheal-breathing 

riapods the blood is aerated in the organs themselves liy 

means of tracheae. 

The poison claws are followed by segments bearing fifteen pairs 

of true ambulatory legs. These are covered by eight large dorsal 

plates, increasing in size from before to the middle of the liody, 

the middle plate being the largest, and then diminishing in size. 

The nervous system resembles that of the Chilopoda, Imt there 

is a special pair of nerves which supply the sense organ, which 

has been mentioned as peculiar to the Order. The ventral nerve 

cord shows a very clear division into two, the ganglia of the two 

cords being almost entirely separate. The first few ganglia are 

fused, as has lieeu mentioned in the Cliilopoda. 

The digestive tube resembles that of the Chilopoda. The legs 

are very long and slender, and the joints are beset with bristles. 

Toth sexes have small hook-like ajipendages at the sides of the 

genital openings. 

The eyes have already lieen mentioned as being more highly 

developed than in cither classes, in cc.irrespondence with the more 

active habits of the aninud. The generative organs open at the 

hind end of the body, as in Chilopoda. 

The luiart is highly devehiped, cpiite as nurch so as the 

Chilopod heart, the, alary muscles being strong and broad, and 

the arteries being cpiite as perfect as those in any Tryriapc3d. 

The muscular coats which govern the pulsations liy their con¬ 

tractions are powerful and well developed. 
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Order IV. Symphyla. 

We next come to one of tlie last two Orders which have 

l)een recently added to the Myriapoda. These little animals 

have a great resemblance to the Thysaiiura among the Insects, 

and especially to Oampodea among the Thysaiiura. It will he 

well, therefore, to begin our account with a few of the reasons 

which have induced naturalists to include them among the 

Myriapods rather than among the Thysaiiura. 

1. Cainpodea has three pairs of nioiith appendages, while 

Scolopendrella has only two. 

2. Scolop)endrella has broad plates covering the back, not only 

on the anterior (thoracic) segments, hut on the whole 

body. 

3. The terminal appendages of Scolop>endrella differ from 

those ill Cavvpodca. 

4. Scolopendrella has a sense organ which is absent in 

Cainpodea. 

5. Cainpodea breathes by means of three stigmata in tlie 

anterior part of the body. The stigmata of Scolopen- 

drella are hard to see, and are not in the same position. 

6. Scolopendrella has twelve pairs of legs, and Cainpodea, like 

all Insects, has only three. 

I will now go on to an account of their anatomy. The body 

is small and slender, and is covered with a delicate shell or exo¬ 

skeleton of cliitin, which is so thin as to be almost transparent. 

The antennae are long, and are composed of many joints ol 

equal size. 

The mouth parts consist of— 

1. An upper lip. 

2. A pair of mandibles. 

3. A pair of maxillae. 

The segments are not all of equal size. Some are larger than 

others. The larger and smaller segments are arranged alter¬ 

nately, and the smaller do not bear legs. As before stated, there 

are twelve leg-bearing segments. 

At the end of the body there are two hook-like appendages 

which are pierced by a canal, through which is poured the secretion 

of a pair of glands. Near the sides of these appendages are a pair 

of sense organs, consisting of long hairs connected with nerves. 
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The digestive canal is a long straight tnl)e passing through 

the length of the hody. In the middle it is much enlarged, so 

as to form a stomach witli a glamhdar coat. Posterior to the 

stomach the digestive tulie receives the contents of two Mal¬ 

pighian tubes which act as kidneys. 

The tracheal system consists of a single pair of stigmata on 

the under surface of the head, and the tracheae connected with 

them. 

Order V. Pauropoda. 

The Pauropoda, which form the fifth Order of Myriapods, are 

as yet very imperfectly known. Pauro2?us was discovered hy Si: 

John Lubbock, and its discovery was announced by him in 1866. 

He found this little Centipede in his kitchen garden among some 

Thysanura, and at first considered it as a larval form, but 

continued observation showed that it was a mature creature. 

He described it as a small, white, bustling, intelligent little 

creature about inch in length. 

The antennae are very curious and highly characteristic of 

the Order. They resemble those of Crustacea rather than those 

of Myriapoda. Each ’ antenna is composed in the following 

manner. First there is a shaft of four joints. From the fourth 

joint of this shaft spring two branches; one of these two 

branches is narrower than the other, and ends in a long thin 

bristle composed of a great number of joints. The other and 

broader branch bears two such bristles, and between them a small 

pear-shaped or globular body, the function of which is unknown. 

The mouth parts consist of two minute })airs of appendages, 

the anteri(jr pair toothed and the posterior pointed. The body 

is rather narrower in front; the segment behind the head has 

one pair of legs, the second, third, fourth, and fifth behind the 

head two each. The posterior legs are the longest; the genital 

organs o])en at the l)ase of the second })air of legs, between these 

and the third ])air. The manner of breathing is as yet unknown, 

traclieae not liaving been discovered. 

Pcdcrojucs at first lo(.)ks most like a Chilopod, but differs from 

that Order— 

1. In the form of the antennae. 

2. In the altsence of poison claws and in the form of the 

mouth parts. 
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3. The opening of the generative organs being in the front 

part of the body. 

It differs from Chilognatha in the following respects:— 

1. The legs are not of equal length, the posterior legs 

being the longest, as in Chilopods. 

2. The mouth parts differ from those of Chilognaths 

almost as much as from those of Chilopods. 

3. The form of the antennae. 

Only a few Pauropoda have been discovered as yet. 

Embryology. 

The preceding account of the anatomy of Myriapods would be 

incomplete without some reference to the wonderful manner in 

which the different organs of the body are built up; the whole 

of the complex organism proceeding by a gradual and regulated 

process of development from a simple cell called the ovum derived 

from the female body, and united wuth a cell from the male body 

(called the spermatozoon). I hope to be able to give my readers 

some idea of the interest wdiich the pursuit of the difficult study 

of embryology adds to anatomy, by offering us a key to the inter¬ 

pretation of the relations between our knowledge of the forms at 

present living on the earth and those which, we learn from 

Palaeontology, have inhabited our planet in past ages. 

Like all living creatiues with which we are acquainted, the 

starting-point of Myriapod life is the ovum, 

as it is called. This ovum is a cell resem¬ 

bling the cells of which the body of all 

liA'ing animals are built up, and which 

may be compared to the bricks of which 

a building is composed. This cell or 

ovum is a small sphere of living trans- 
, , , . Fig. 36.—^omig ovum of 

parent substance called protoplasm, and it julus terrestris: nucl, 

is micleated—i\mt is, it contains a small >;^>cieolus; nu, nucleus; 

spot of denser protoplasm called the yoik; f, follicle cells. 

nucleus, and within that a still smaller 

spot of still more dense protoplasm called the nucleolus. In the 

process of impregnation the ovum unites with the male cell, and 

the cell so formed is called the impregnated ovum. This ovum 

has the property of dividing into two cells, each resembling the 
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parent cell from wliieli it is derived; each of these cells has, like 

the parent cell, tlie same pr(jperty (jf dividing into two more, and 

so on. Tims fr(nn this continnal process of division or reproduc¬ 

tion of every living cell, the materials are provided for the 

l)uilding nj) of the body. 

The regularity of the process of the division of the ovnm, or, 

as it is called, segmentation of the ovum, is interfered with h}' 

the presence of food yolk. The cells hn-med hy the process of 

cell division jnst descril)ed need nonrishment, and this nourish¬ 

ment is supplied to them l)y the food yolk formed in the h(jdy 

of the ovum before the process of segmentation Ijegins. It is 

easy to understand that this yolk, which is not alive like the 

Fig. 37.—Later stage; nn, 
nucleolus ; c.p, nucleus ; 
y.sj}, yolk sjiherules ; ch, 
shell. 

cells, cannot divide like them, and therefore the segmentation of 

the ovum in Myriapods is vrregiihir, as it is calleil. 

I will now go hack a little and describe what happens to the 

ovum before the process of segmentation is complete. It increases 

in size and forms the supply of food yolk which is to provide the 

nutriment ot the ovum. Then after inpu'egnation the egg-shell 

is formed round it, and it hecomes what we know as the egg. 

This egg is not a perfect sphere, Imt is oval (in most ITyriapods) 

in .shape. The egg is laid, and the process of segmentation begins 

shortly after it is laid, as has already been de.serihed. 

A^dlen it has been laid for about 30 hours, if we take an egg 

and, after proper preparation, cut it into thin slices known "to 
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iiiicroscopists by the name of sections, and examine it liy means 

of the microscope, we shall see that segmentation has resulted in 

this. Just beneath the egg-shell there is a thin layer of cells, 

one cell thick, which completely surrounds the egg. Inside 

this coat of cells is the food yolk, with a few cells scattered 

about in it at rare intervals, something like the raisins in a 

plum-pudding. 

"With the next process the formation of the young Myriapod 

may be said to begin. A strip along the length of the oval¬ 

shaped egg is thickened, and this thick mass of cells represents 

the future A^entral surface of the animal. The, rest of the thin 

layer of cells already mentioned just below the shell will form 

the shell or exoskeleton of the future animal. The thick strip 

of cells at the ventral surface has by tliis time split into 

layers, so that, resorting to our microscope again, a section through 

the short axis of the oval-shaped egg—a transverse section— 

will show us— 

1. The egg-shell. 

2. A layer of cells completely surrounding the egg, thin 

everywhere but on the ventral surface. This layer is 

known to embryologists as the epMast. The thick 

part of the epiblast on the ventral surface gives rise to 

the nervous system. 

3 and 4. Two layers of cells connected in the middle, along 

the line of the thick strip, Imt separate elsewhere, and 

not extending round the whole of the inside. These 

layers con.stitute what is known as the mesohlast, and 

give rise to the muscles and most of the internal 

organs. 

5. The scattered cells in the yolk. They are known as the 

hypoblast and give rise to the digestive canal. 

After this point is reached the formation of the organs 

begins. The segments are formed in order from before back¬ 

wards. First the head, then the next segment, and so on. 

When the numlier of segments with which the animal will be 

liatched are formed, anotlier process begins, and tlie tail end of 

the animal, which can already be distinguished, is bent towards 

the head. Tliis is a process that takes place in many animals 

besides Myriapods, and is called the lormation of the ventral 

flexure. Shortly after this the animal bursts the shell and comes 

VOL. V ^ 
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into the outer world. The various processes may 1)6 understood 

hy reference to the Figs. 3C, 37, 38, 39, which are succes- 

sh’e stages in the development of a Chilognath. Figs. 37, 38, 

are thin slices through the shorter diameter of the egg, which, as 

Fig. 38.—Tran.sverse section 
through next stage: ink, 
keel-like mass of celts from 
which the mesoblast is pro¬ 
duced ; ec, epihlast. (From 
Heathcote, Post. Emh. Dev. 
of Julus terrestris; Phil. 
Trans, vol. 179, 1888, B.) 

before mentioned, is an oval in shape. Fig. 39 is a section 

throucdi the lontrer diameter of an egw in a more advanced stage 

of development, in fact just about to hurst the shell. The body 

of the future animal is marked by constrictions, the future 

segments. Some of the organs are already formed, as the brain 

Fig. 39. — Longitu¬ 
dinal section 
through later stage: 
Scgs. 2, 3, etc., seg¬ 
ments ; Ceph.Seg, 
head ; mes, meso¬ 
blast ; en,hypoblast; 
.tLfuture mouth; pir, 
future anus; mesen, 
gut; mem.ex, as in 
Fig. 41. (From 
Heathcote, Post. 
Enib. Dev. oi Julus 
terrestris.) 

and the iligestive tube, the openings of which will form the 

mouth {st) and the anus {}^r). 

IMyriapods are hatched at different stages of development. 

The Chilognatha have only three appendages, which are so 

little developed that they are only small shapeless stumps, while 
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the Cliilopoda have the full number of legs in some cases; in 

others only a small number of legs, but yet more than the three 

pairs of legs of the Chilognatha, and fully developed instead of 

stump-like. The eyes are usually developed late in the life of 

the young animal. The bursting of the egg-shell is assisted in 

some Myriapods l;)y a special kind of spike on the hack part of 

the head. 

The Fig. 40 shows a young Chilognath which has just hurst 

the shell and come into the outer world. 

It is still surrounded with a membrane 

which has been formed by its skin or 

epihlast within the egg. One eye-spot has 

been formed. 

Fig. 41 shows a longitudinal section 

through the young Chilognath shown in 

Fig. 40, and the next (Fig. 42) a transverse Fig. 40.—Young Juhcs ter- 

section through the same. In comparing restns just hatclied. 

the two Figs. 41 and 42 it must be remembered that they are 

Fig. 41.—Longitudinal section through late stage : Sup.oe.gl, First appearance of brain ; 
’ st, mouth ; pr, anus ; mesen, gut ; n, nerve cord ; n.gaiig, nei've ganglion ; mem.ex, 

membrane surrounding the animal ; v-fy ventral flexure j viesy mesobiast cells. 

(Heathcote, Post. Emb. Dev. of Julus terrestris.) 

sections in different planes through the animal shown in Fig. 40, 

and therefore they only show a small portion, a thin slice, of the 

organs. 
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The first iippearance of the iiajiith appendages has been 

already ineutioued, and these ai’e shown in Fig. 48, where the 

tioii by which the tracheae are formed ; y.s, yolk spherules still present ; L, first 
appearance of legs ; S.S, part of mesoblast. (Heathcote, Post. Emb. Dev. of 

Julus terrestris.) 

small stumps that later on change to jaws are shown. The 

figure shows the head of a young Chilog- 

nath seen from the- lower side, and the 

second pair of stumps fuse together 

later on and prr)duce the broad plate 

already mentioned as the characteristic 

mouth appendage of the Order. 

After the animal is hatched it has 

still, in the case of most iMyriapods 

(tho.se which are not hatched with all 

the .segments complete), to undergo a 

further development, and in particular 

the eyes are. still unformed. The pro 

cess of development of the eye has only been followed out as yet 

in the Chilognatha, and in only one form, Julus, and is so curious 

that a short account may l)e of interest here. The develop¬ 

ment of the eye l)egins (in Julus) on the fourth day after hatch¬ 

ing, and continues until the animal is full grown. A single 

Fig. 43.—Under surface of the 
head of a young Julus ter¬ 
restris : pro.m, rudimentary 
jaws ; Deut.m, rudimentary 
mouth plate ; an, anteuuae. 
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ocelhis or eye-spot appears first, and the rest are added one by 

one nntil the full number are reached. 

The first appearances connected with the formation of the 

eye take place in the cellular layer just beneath the chitinous 

exoskeleton. This layer, called the hypodermis, plays an im¬ 

portant part in the organisation of the animal. It forms the 

inner layer of what we may call the skin of the animal, and the 

cells of which it is composed secrete the chitin of which the 

shell or exoskeleton of the animal is composed, and which is 

moulted every year. 

The first process in the formation of the eye-spot is the 

thickening of the hypodermis beneath the chitin, just in the 

place where the eye will come. 

At the same time the cells of 

this thickened mass of hypoder¬ 

mis secrete a quantity of pigment 

of a dark red brown colour. 

Xext the cells of the thick mass 

of Inqiodermis begin to separate 

from one another in such a way 

that a vesicle is formed. This 

vesicle is hollow inside, and the 

thick walls are formed from the 

cells of the thickened hypodermic 

mass. This can be seen from 

Fig. 44, whicli represents a 

section through an ocellus when 

it is partly formed. From this 

vesicle the eye is formed. 

The wall of the vesicle near¬ 

est the exoskeleton gives rise to 

the lens of the eye, while the 

other walls of the vesicle form 

the retinal parts of the eye. 

The cells from the brain grow out 

and form the optic nerve connecting the retina with the brain. 

The whole eye spot is covered internally by a thin membrane, 

formed not from the hypodermis hut by cells from the inside of 

the body (mesoblast cells). 
In the Chilognatha, the first Order of iVIyriapods, the young 

Pie. 44.—Section through eye -when first 
forming: 7/yp, hypodermis ; A)i, lens ; 

F. IF. r, front wall of optic vesicle ; 
h.io.v, hack wall of vesicle; ca^, 

capsule. 
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animal leave.s the egg with three pairs of appemlages; the first 

have already the form of antennae, the second will form the 

jaws, hut have not yet taken their proper form, while the third 

])air will fuse together and alter their sliape so as t(j fi.irm the 

curious plate that has already l)een mentioned as forming the 

second pair of mouth appendages, llehind the mouth append¬ 

ages will come the first three pairs of legs. The whole young 

animal on leaving the egg is enveloped in two membranes. , 

These memliranes are secreted by the outside layer of cells in 

the same way that the shell or exoskeleton of the animal will be 

eventually formed, and represent the first two moidts of the 

animal, which continues to moult its shell everv vear through- 

out life. 

Of the Chilopoda, the second Order of Myriapods, all the 

families leave the egg-shell with the full numl.)er of legs, with 

the exception of the Lithobiidae, which have seven pairs of legs 

including the poison-claws. The Schizotarsia, the tliird Order, 

also have seven pairs of legs when hatched. 

The legs make their appearance not one by one but in 

liatches (in Julus terrestris in l^atches of five). The addition of 

legs and segments to the body takes place, not at the end of the 

body, but Ijetween the end segment and the penultimate. 

This is a short sketch of the gradual development of the 

klyriapoda from the ovum to the fully-grown animal. It is, I 

am aware, a short and insufficient account of all the Ijeautitul 

processes by which the different organs take their rise, Init space 

is insufficient here, and too much detail would be out of place in 

a work of this nature, which onlv aims at giving an oiitline 

sketch of the grou]), which shall be intelligible to the general 

reader who has not made a S])ecial study of such matters, 

llefin-e leaving the sul)ject, however, I must mention a few 

of the points (.if interest which are to be learned from the 

examinalidii of the course of development which has been 

sketched here. One of the greatest puzzles in the natural 

history of tlie Order Chilognatha has always been the double 

segments, as they are called; that is, in fact, the possession of 

two pairs of legs to each segment, which is, as we have already 

said, a distinguishing characteristic of tlie Order. As we have 

seen, the Chilognatha at an early stage of existence do not 

possess this characteristic, which is only peculiar to the adult 
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and half-grown forms. Now what does this mean ? Does each 

double segment in the full-grown Millepede represent two 

segments which have become fused together, or is each double 

segment, so called, a real segment resembling the segments 

present in the other Orders (for instance, Chilopoda), which has 

grown an extra pair of legs ? Both these views have been 

advocated bp distinguished naturalists. Neither of them is, in 

my opinion, cj^uite right when viewed in the light cast on the 

subject by recent investigations into the life history of the 

Chilocrnatha. 
O 

A close examination into the minutiae of the growth of the 

different organs has shown us that the double characters of the 

double segments are more deeply seated than was imagined. 

Tlie circulatory system, the nerve cord, and the first traces of 

segmentation in the mesoblast all show this double character, 

and the only single part about the segment is the broad plate 

covering the segment. Now in some of the most ancient of the 

fossil Myriapods this broad plate shows traces of a division, as if 

it were in reality two plates fused together. We ha^'e also to 

consider that the life history of the Chilognatha allows us to 

lielieve that the peculiar cylindrical shape of the fiody shown in 

the greatest degree in the Julidae is attained by the unequal 

development of the dorsal and ventral surfaces of the body; the 

ventral surface being compressed together till it is extremely 

narrow, and the dorsal surface, as it were, growing round it till 

the originally dorsal surface forms almost a complete ring round 

the body. Taking all this into consideration, we are justified, in 

my opinion, in concluding that each doulile segment in the 

Chilognatha is not two segments fused together, nor a single 

segment bearing two pairs of legs, luit is two conqdete segments 

perfect in all particulars, but united by a large dorsal plate 

which was originally two plates which have lieen fused together, 

and which in most Chilognatha surrounds almost the whole of 

two segments in the form of a ring. 

Again in the Chilopoda we see that a great distinctive feature 

that separates them from the Chilognatha is the character of the 

ventral nerve cord, the cord Ijeing double and not single, a 

character connected with the fact that the bases of the legs are 

widely separated from one another, and not closely approached 

to each other, as in the Chilognatha. As we before said, a more 
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minute anatomical examination showed us that this difference 

was not so great as appeared at first sight, the cord showing 

traces of a duplication. Well, are these traces superficial, or do 

they re])resent a state of affairs more or less similar to that in 

the Chilopoda ? Embryology helps us to answer this rpiestion 

also. In the early stages of the Chilognatha we find that the 

nerve cord has exactly the form of that in Chilopoda, showing us 

that tlie appearances in the anatomy had led us to a right con¬ 

clusion, and giving us a valuable confirmation of our views. 

These two examples will serve to show the kind of interest 

which attaches to embryology. 

Palaeontology. 

We have seen that embryology enables us to look at the 

structure of the Myriapods from a new standpoint, and to correct 

and supplement the knowledge gaiiied from an examination of 

the adult animal. In the same way a study of the forms of 

Myriapods which have become extinct on the globe, and have 

been preserved to us in a fossil form, gives a further opportunity 

of considering the relations of one form to another, and again of 

the relations of our group to other groups of animals now exist¬ 

ing on the earth. Myriapod fossils have been found in strata of 

great antiquity. The oldest of such fossils must have been 

among the first land animals. The figure below shows a fossil 

Myria})od found in America, belonging to the Clrder of the 

Protosyngnatha which are only found in the Palaeozoic strata. 

It is a good examqfie of the manner in which Myriapods were 

protected by bundles of bristles in the same way as the 

Polyxenus of the present time. 

The oldest fossil IMyriapods which have been discovered at 

the present time are two species which have been found in the 

(Jld lied Sandstone in Scotland. To realise the antiquity of these 

]\Iyriapods, it will be worth while recalling the typical fossils 

found in the Okl lied Sandstone, so as t(') see what the contem- 

l)ora:ries of these ancient Myriapods were like. Among the plants 

there were .Plgae, Ferns, and Conifers, l)elonging to the lower 

divisions of the plant tribe. Among the animals there were 

Sponges, Corals, Starfish, 'Worms, Shell-fish, and Fishes, Imt none 

of the more highly organised of the animal or vegetable tribe 
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had appeared on the earth. The Myriapod.s of the Old Ked 

Sandstone, as has been before said, differ considerably from those 

of the present day, and as we proceed towards the species found 

in the more recent strata we find them more and more like the 

ones at present living, till we get to the Polyxenus and other 

species found in amber, which are hardly to be distinguished 

from living forms. 

The next oldest fossil Myriapods are found in the coal 

measures, when both the animal and vegetable kingdoms were 

represented by more numerous and more specialised forms. The 

fossil fauna of this period is characterised by the number of 

gigantic Amphibia, many remains of wdiich have been found. 

The great forests and the abundant vegetation of this time must 

have been favourable to the existence of our class, and accord¬ 

ingly we find no less than 32 species of fossil Myriapods. Of 

Fig. 45.—Palaeocampa an¬ 
thrax. (After Zittel.) 
From Mazoii Creek, 

Illinois. 

these most have been found in America, some in Great Britain, 

and some in Germany. One well-preserved fossil of Xylohius 

sigillariae was found by Dr. Dawson in America in the stump of 

a tree in the remains of a fossil forest. The eyes, head, and 

legs were plainly seen under the microscope. All these fossils 

belong to the earliest or 1‘alaeozoic period. 

The figure below (Fig. 4G) shows a fossil also from the coal 

formations of Illinois, America, belonging to the family of the 

Euphoberiidae mentioned further on. It shows a nearer approach 

to the Julidae of the present time. The limbs, however, were of 

very curious shape, and may possil)ly have been adapted to loco¬ 

motion in water as well as on land, and the small supposed 

branchiae on the ventral surface shown in Fig. 46, B, may possildy 

have been an arrangement to render respiration in the water- 

possible. 



74 MYRIAPODA CHAP. 

Ill the secondary period the Myriapods were scantily repre¬ 

sented, or, at any rate, geologists have failed to find their fossils. 

The class is represented liy a single specimen found in the chalk 

in Greenland. This fossil, which has been included in the 

Julidae under the name of Julopsis cretacea, may perhaps belong 

to the Archipolypoda. 

Passing on to the Tertiary or Eecent period, we find the 

Myriapods again numerous, and more nearly resemliling those 

living at the present time. They belong mostly to the Chilo- 

gnatlia and Chilopoda. They have been found in the fresh-water 

gypsum of Provence in France, the brown coal of Germany, and 

the green river formations of America. Several have been found 

in amber. 

Fossil Myriapods have been divided into four Orders, two 

Fig. 46.—Acan- 
the'rpestes vvj.jor. 
(After Zittel.) 
Mazoii Creek, 
America. A, 
The whole 
animal ; B, 
branchiae on 
the ventral sur¬ 
face. 

of which coincide with the Orders of living IMyriapods; the 

differences between the fossils and the living IMyriapods having 

lieen held insufficient to warrant the establishment of a new 

Order. These two Orders are the Chilopoda and the Diplopoda 

or Chilognatha (Diplopoda is another name used by some writers 

for the group which we have hitherto called Chilognatha). The 

other two Orders have sufficient differences from liviiuj: forms to 

render it necessary to incliule them in separate Orders. 

The fossil Myriapods, then, are arranged as follows :— 

Order 1. Ih’otosvncuiatha. 
i. C* 

Order 11. Chiloyioda. 

Order Ill. Archipolypoda. 

Order IV. Chilognatha (or Diplopoda). 

The following talile will show the species that have been dis¬ 

covered in the diiferent strata :— 



II PALAEONTOLOGY 75 

Devonimi, or I • p 
Old Bed Sandstone f ” "I'®'"'*'® Archipohjimla. 

Carboniferous . | ^ Protosyngnaiha 
( 31 species Araupohjpoda 

Periniaii (Rothliegeiules of Germain^), 4 sjiecimens belonging to tlie 
Julidae or Archipohjpoda. 

Cretaceous, . 1 species | 
( Uhilognatha 

Oligocene 

Miocene, 

f 17 species Chilojwda 

< . f Diplopoda 
23 specie, | (cMej.iai;.,,) 

, . r Diplopoda 
1 species ^ 

I will notv give a short account of the different Orders, and 

the fossil forms which are included in them. 

Order I. Protosyngnatha. 

This Order is represented hy a single fossil (Fig. 45), dis¬ 

covered in the coal at JMazon Creek, Illinois, America, hy IMeek 

and "Worth. It differs greatly from any of those in existence at 

the piresent day. The body is cylindrical, and comp)osed of 

ten segments. The cepihalic apipendages (that is, the antennae 

and mouth pmrts) are inserted into a single nnsegmented cepdialic 

mass (the head). Each segment liehind the head hears a single 

dorsal and ventral palate of ecpual lireadth and length. The 

limbs are placed in these p:)lates with a wide sp)ace between the 

base of each leg and that of the opipoosite one of the piair. Along 

the hack, bundles of bristles are arranged in longitudinal rows. 

Order II. Chilopoda. 

The fossil forms of this Order resemble those of the Chilopioda 

of the piresent day. The oldest of them are found in aml)er. 

The following families have lieen found:—- 

lithohiidae. Several sp)ecies have l»een found in amber. 

Scolopeyidridae. One species in amber, several species in 

later Tertiary formations. 

Geop)hilidae. Three species in amber. 

Two spiecies reseml)ling the Schizotarsia of the piresent day 

have been found in amber. 
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Order III. Archipolypoda. 

The most numerous of the fossil families. With a few 

exceptions, all the Palaeozoic (that is, the oldest) Myriapods belong 

to this Order. The Carhoniferons Ai’chipolypoda seem to he 

much more numerous in the coal of America than in that of 

England. They resemble for the most part the Myriapods of 

the present day, except that all the segments without exception 

hear legs. 

The families are three in nunilier. 

Family 1. Archidesmidae. 

Rcsenahle tlie Pohjdesmidae of the present clay. Two species have been 

found by Page in the Old Pi,ed Sandstone of Forfarshire. He named them 

Kampecaris. One found by Peach in the same formation is called Archi- 

desmus. 

Family 2. Euphoheriidae. 

They show some resemblance to the Julidae of the present day, but the 

dorsal scutes, or plates of the back, are more or less perfectly divided into 

two divisions corresponding with the pairs of legs. The following are the 

principal fossils of this family : — 

Acantherpiestes. Found by Meek and 'Worth in the coal at iilazon Creek 

in America (Fig. 46). 

Euphoheria. About 12 species found at the same place as the last 

named. 

Amylispes. Found by Scudder, Mazon Creek, America. 

Eileticus. Scudder, Mazon Creek, America. 

Family 3. Archijulidae. 

The dorsal plates nearly consolidated, but the division still apparent. 

Fossil forms are— 

Trichyulus. Scudder, Mazon Creek, America. 

Xylohius. Dawson. Found in the coal in Xova Scotia. Two species 

found at Mazon Creek, America. 

Order IV. Chilognatha. 

Families corresponding to tho.se of the pre.sent day. The 

oldest .specimen.s come from the chalk in (Greenland; nio.st of the 

otlier.s from anilie]'. 

Family 1. Glomeridae. One form, G. dcnticulaia, has been found in 

amber. 

Family 2. Polydesmidac. Two species in amber. 

Family 3. Lysiopetalidae. A number of species, amongst which are C 

Graspedosoma, mostly from amber. 
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Family 4. Julidae. A number of species of this family have been 

found, some in amber, some in other Tertiary strata. Amongst the latter a 

probable example of Julus terrestris, living at the present time. 

Family 5. Polyxenidae. Five species have been found in amber. 

Now that we have considered the structure of the Myriapods 

and the groups into, which they are subdivided or classified, we 

may proceed to consider what position they hold in the house¬ 

hold of nature. That they present certain features of similarity 

to other classes has been already mentioned, and that this is the 

fact cannot he doubted when we look back at the way in which 

they have been classified in the works of early writers. For 

example, Lamarck, the great French naturalist, classifies them 

with spiders in his well-known work. La Fhilosophie Zoologique, 

under the name of Arachnides antennistes. Cuvier, the com¬ 

parative anatomist, unites them with the Insects, making them 

the first Order, while the Thysanura is the second. "We have 

already seen that one Order of Myriapods, the Symphyla, bears 

a great resemblance to the Thysanura. The English naturalist 

Leach w^as the first to establish Myriapods as a class, and his 

arrangement has been followed by all naturalists after his time. 

But while their peculiarities of structure and form are sufficiently 

marked to separate them as a class, it cannot be denied that the 

older naturalists were right to recognise that they have many 

essential characteristics in common with other classes of animals. 

And recent investigations have emphasised this fact. For in¬ 

stance, let us consider the recent discoveries of the Orders of 

Symphyla and Pauropoda, Orders which, while bearing so 

many of the characters of Myriapods that naturalists have 

agreed to place them in that class, yet resemble iu many 

important points the Insect Order ol Thysanura.' This seems to 

justify Cuvier in claiming the close relationship for them that 

he did. 
Ptecent investigations have also l.n’ought out more prominently 

the resemblances to the Worms. Of late, considerable atten¬ 

tion has been directed to Peripatus {see pp. 1-26), and the resem¬ 

blances to the Myriapods in its anatomy and development are 

such tliat Latzel has actually included it in the Myriapods as 

an Order, Malacopoda. Now Peripatus also shows resemblances 

to the annelid Worms, and thus affords us a connexion to the 

^Yorm tvpe hardly less striking than that to the Insect. This 
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resemblance to the AVornis, which Alyriapods certainly hear, was 

noticed by the ancient writers, and as they had for the most 

])art only external appearances to camsider, they pushed this 

idea to extremes in actually including some of the marine 

AVorms (Annelida) among the Centipedes. Pliny talks of a 

marine Scolopeoiilra as a very poisonous animal, and there is little 

doubt that he meant one of tlie marine worms. An old ( lerman 

naturalist, Gesner, in a very curious book pul ilished in 1669 gives 

an account of an annelid sea-worm wliich he calls Scolopcndra 

marina, and which is in all proljability the sea Scolopendra 

which Pliny mentions. From Gesner’s account it seems to have 

been used as a medicine (externally only). “ The use of this 

animal in medicine. The animal soaked in oil makes the hair 

fall off. So do its ashes mixed in oil.” It was also pounded up 

with honey. 

This idea of Centipedes living in water survived among later 

naturalists. Charles Owen, the author before cpioted, mentions 

them as amphibious in 1742. “The Scolopendra is a little 

venomous worm and amphibious. AA'hen it wounds any, there 

follows a blueness about the affected part and an itch all over 

the body like that caused by nettles. Its weapons of mischief 

are much the same with those of the spider, only larger; its 

bite is very tormenting, and produces not only pruriginous pain 

in the hesh, but very often distraction of mind. These little 

creatures make but a mean figure in the ranks of animals, yet 

have been terrible in their exploits, particularly in driving 

people out of their country. Thus the people of Ehytium, a 

city of Crete, were constrained to leave their quarters for them 

(Aelian, lib. xv. cap. 26).” 

Alyriapods have been considered to bear resemblances to the 

Crustacea, and this to a certain extent is true, though only to a 

certain extent, the resemblances being confined to the more 

general characteristics that they share with other groups of 
animals. 

Of late years attempts have been made to speculate about the 

origin of the Alyriapods—that is, to endeavour to ol)tain by means 

of investigation of their anatomy, embryology, and palaeontological 

history, some idea of the history of the group. Such attempts at 

research into the as it is called, of a group nnist be 

more or less speculative until our knowledge is much greater than 
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it is at present. But such inquiries have their value, and the 

schemes of descent and phylogenetic trees, at any rate, indicate a 

real relation to different groups, even if they do not provide us 

Avith a real and actual history of the animals. 

There have been two main theories about the descent of the 

IMyriapoda. One of these derives them directly from the Insecta 

through the forms known as the Thysanura, which resemble in 

such a degree the Myriapod Orders of Symphyla and Pauro- 

poda. The other theory holds that the Myriapods, as well as the 

Insecta, liaA'e been derived from some ancestor hearing a resem- 

hlance to Pervpatus. In other words, one theory claims that the 

relationship of Myriapoda to Insecta is that of father and son; 

the other that the relationship between the two is that of 

brother to iH’other. The arguments by which these theories are 

respectively supported consist for the most part of an analysis of 

the different characters of the anatomy and embryology and the 

determination of the most primitive among them. For example, 

the supporters of the theory that the Thysanura are the most 

nearly allied to the Myriapod ancestor lay great weight on the fact 

that some Myriapods are born with three pairs of legs only, and 

they compare this stage in the life history of the Myriapoda to the 

metamorphosis and larval stage of Insects. For the supporters 

of this view the Orders of Symphyla and Pauropoda are the 

most primitive of the Myriapods. On the other hand, the 

followers of the other theory do not allow that the characters 

in which the Myriapods are like Insects are primitive ones, but 

they lay more stress on the characters found in the early 

development, such as the character of the process of the forma¬ 

tion of the body segments, the mesoblastic segmentation, and the 

origin of the various organs of the liody. 

It may be easily understood that such differences in the 

estimation of the primitive characters of the embryology of a 

group may arise. Embryology has been compared by one of the 

greatest of modern embryologists to “ an ancient manuscript with 

many of the sheets lost, otliers displaced, and with spurious 

passages interpolated liy a later hand.” M hat wonder is it that 

different people examining sucli a record should come to different 

conclusions as to the more doubttul and difficult portions ot 

it. It is this A^ery difficulty Avhich makes the principal interest 

in the study, and although our knoAvledge of the language in 
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which tins manuscript is written is as yet imperfect, still we 

Iwpe that constant study may teach us more and more, and 

enable us to read the great book of nature with more and more 

ease and certainty. 

If any of my readers should wish for a more full account of 

the natural history of this group I must refer them to the 

following works, which I have used in compiling the above 

account. In the first of these there is an excellent hihliography 

of the subject:— 

Latzel, Die Myriapodeii der Oesterreichisch-Ungarischen Monarchie, Wien, 

1880. 

Zittel, Handbucli der Palaeontologie, 1 Abtli, II. Bd., Leipzig, 1881—1885. 

Korschelt and Heider, Lehrhuch der vergleichenden Entwicklung.?geschichte 

der wirbellosen Tliiere, Jena 1891. 

Some later work of Scudder on Palaeontology must be mentioned. He 

establishes a family Gerascutigeridae, with a genus Latzelia. Also a family 

Eoscoloj^endridae in which he includes Eileticus, also a genus Palenarthrus 

in which is placed a scolopendriform Chilopod. A new genus Ilyodes also 

chilopodifOPm. Amylisjyes, he thinks, may be allied to Glomeridae. Trichi- 

jidus must be given up. A new species of Acantherpestes. l\lore species of 

Eup)hoberia. 2 new species of Xylohius were dkscovered in coal. 

Pocock divides the Diplopoda into 3 orders : Oniscomorpha, with families 

Glomeridae and Zephroniidae ; Helminthomorfha, with suljorders Juloidea, 

Chordeumoidea, Polydesmoidea ; and Limacomorpha, with family Glomeri- 

desmidae. 

The systematic position of Symphyla and Pauropoda has been the subject 

of much discussion. Pocock places Symphyla in a Class and Kenyon places 
Pauropoda in a Suborder. 

Many naturalists believe that Chilopoda should be united with Hexapoda. 

There is no room for a discus.sion of the point, but I must refer my readers 

to Pocock, Zool. Anzeiger, xvi. 1893, p. 271 ; Kingsley, Tufts Coll. Studies^ 

No. 1, 1894, p. 15; Bollman,’U.S. Kat. Mus., No. 46, 1893, where 
they will tiiid the arguments for this view. 

For further information on Pauropoda and Symphyla, see P. Schmidt, 

Zeitschr. loiss. Zool. lix., 1895, p. 436 ; Kenvon, Tufts Coll. Stiidies, No. 4, 
1895, p. 77. 
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CHAPTER III 

CHAKACTEPJSTIC FEATURES OF INSECT LIFE-SOCIAL INSECTS- 

DEFINITION OF THE CLASS IXSECTA-COMPOSITION OF INSECT 

SKELETON-NUMBER OF SEGMENTS-NATURE OF SCLERITES- 

HEAD-APPENDAGES OF THE MOUTH-EYES-THORAX- 

ENTOTHORAX-LEGS-WINGS-ABDOMEN OR HIND BODY- 

SPIRACLES-SYSTEMATIC ORIENTATION. 

Insects form by far the larger part of the land animals of the 

world ; they outnumber in species all the other terrestrial animals 

together, while compared with the Vertebrates their numbers are 

simply enormous. Yet they attract but little attention from the 

ordinary observer, this being probably primarily due to the small 

size of the individual Insect, which leads the unreflecting to treat 

the creature as of little importance. “ It can be crushed in a 

moment ” is perhaps the nnforniulated idea that underlies the 

almost complete neglect of knowledge concerning Insects that 

prevails even in the educated classes of society. The largest 

Insects scarcely exceed in bulk a mouse or a wren, while the 

smallest are almost or quite imperceptible to the naked eye, and 

yet the larger part of the animal matter existing on the lands of 

the globe is in all probability locked up in the forms of Insects. 

Taken as a whole they are the most successful of all the forms of 

terrestrial animals. 

In the waters of the glol)e the predominance of Insect life 

disappears. In the smaller collections of fresh water many 

Insects find a home during a portion of their lives, and some few 

contrive to pass tlieir whole existence in such })laces; Imt of the 

larger liodies of fresh water they invade merely the fringes, and 

they make only the feeblest attempt at existence in the ocean; 

the genus Halohates containing, so far as we know, the sole Insects 
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that are capable of using the ocean as a niedinni of existence at 

a distance li'oin the shore. 

It will pro))al)ly 1)6 asked, how has it come aljout that creatures 

so insignificant in size and stremrth liave nevertheless Iteen so 

successfnl in what we call the struggle hjr existence ? And it is 

possilde that the answer will he found in the peculiar relations 

that exist in Insects lietween tlie great functions of circulation 

and r8.S])iration ; these l)eing of such a nature that the nutrition 

of the organs of the body can lie carried on very rapidly and very 

efficiently so long as a certain liulk is not exceeded. 

Eapidity of growth is carried to an almost incredible extent 

in some Insects, and the powers of multiplication—which nia}' 

he considered as equivalent to the growth of the species—even 

sur])ass the rapidity of the increase of the individual,; while, as 

if to autrinent the favourable results attainable l»v the inoi-e usu;d 
O t 

routine of the })hysiological processes, “metamorphosis” has been 

adopted, as a consequence of which growth and deA'elopment can 

he isolated from one another, thus allowing the former to go on 

unchecked or uncomplicated by the latter. A very simple 

calculation will show how favourable some of the chief features 

of Insect life are. Let it lie siqiposed that growth of the 

indi\ddual takes time in proportion to the hulk attained, and let 

A he an animal that weighs one ounce, B a creature that weighs 

ten ounces, each having the power of producing 100 young when 

full grown; a sinq)le calculation slunvs that after the lapse of a 

time necessai’y for the production of one generation of the lai’ger 

creature the produce of the smaller animal will enorniouslv out¬ 

weigh that of its bulkier rival. Brohalily it was some considera¬ 

tion of this sort that led Linnaeus to make his somewhat para¬ 

doxical statement to the effect that three flies consume the 

carcase of a horse as (piickly as a lion.^ 

Astonishing as may he the rapidity of the physiological pro¬ 

cesses of Insects, the results attaimal by them are, it must he 

admitted, scarcely less admirable : the structures of the Insect’s 

body exhibit a ])erfection that, from a mechanical ])oint of view, is 

unsurpassed, while the external beauty of some of the creatures 

makes them fit associates of the most delicate flowers or no mean 

rivals of the most gorgeous of the feathered world. The words 

^ Tres iimscao coiisumuiit cadaver ecjui, ae(iiie citn ac. leo. Si/st. Xat., ed. xii. ref. 
I. pt. 2, p. 990. 
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of Linnaeus, “ Xatnra in inininus inaxiine niiranda,” are not a 

mere I'hetorical effort, but the expression of a simple truth. Saint 

Augustine, too, though speaking from a point of view somewhat 

remote from that of the great Swedish naturalist, expressed an 

idea that leads to a similar conclusion when he said, “ Creavit in 

coelnin angelos, in terrain vermicnlos ; nec major in illis nec minor 

in istis ” (see note on p. odd;. 

The formation of organised societies by some kinds of Insects 

is a phenomenon of great interest, for there are very few animals 

except man and Insects that display this method of existence. 

I’articnlars as to some of the.se societies will be given when we 

treat of the Termitidae, and of the Hymenoptera Acnleata; but 

we will take this opportunity of directing attention to some points 

of general interest in connexion with this subject. In Insect 

societies we find that not only do great numbers of separate 

individuals live together and adopt different modes of industrial 

action in accordance witli the position they occupy in the 

association, but also that such individuals are profoundly modified 

in the structures of their body and in their physiological 

processes in .such ways as to .specially fit them for the parts they 

have to play. IVe may also see these societies in what may be 

considered different stages of evolution; the phenomena we are 

alluding to being in some species much less marked than they 

are in others, and these more primitive kinds of societies being 

composed of a smaller number of individuals, which are also much 

less different from one another. We, moreover, meet with complex 

societies exhiljiting some remarkably .similar features among 

Insects that are very different systematically. The true ants 

and the white ants Iielong to groups that are in structure and in 

the mode of growth of the individual essentially dissimilar, though 

their social lives are in several important respects analogous. 

It should be remarked that the phenomena connected with the 

social life of Insects are still only very imperfectly known ; many 

highly important points being (piite ol:)Scure, and our ideas being 

too much based on fragments gathered from the lives of different 

species. Tlie honey bee is the only social Insect of whose economy 

we have anything approaching to a wide knowledge, and even in 

the case of this Insect our information is neither so complete nor 

so precise as is desirable. 
The various branches of knowledge connected with Insects 
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are called collectively Entomology. Although entomology is 

only a department of the great science of zoology, yet it is in 

practice a very distinct one ; owing to its vast extent few of 

those who work at other hranches of zoology also occupy them¬ 

selves witli entomology, while entomologists usually confine 

themselves to work in the vast field thus aljandoned to them. 

Eefore ])assing to tlie consideration of the natural history and 

structure of the members of the various Orders of Insects we will 

give a verbal diagrammatic sketch, if we may use such an expression, 

with a view to explaining the various terms that are ordinarily 

used. We shall make it as brief as possiljle, taking in succession 

(1) the external structure, (2) internal structure, (3) development of 

the individual, (4) classification. 

In the course of this introductory. sketch we shall find it 

necessary to mention the names of some of the Orders of In.sects 

that will only lie explained or defined in subsequent pages. We 

may therefore here state that the term “ Orthoptera ” includes 

grasshoppers, locusts, earwigs, cockroaches ; “ Xeuroptera ” com¬ 

prises dragon-flies, ]\Iay-flies, lacewings, stone-flies and caddis-flies ; 

to the “ Hymenoptera ” belong 1 »ees, wasps, ants, sawfiies, and a 

host of little creatures scarcely noticed by the ordinary observer: 

Coleoptera ” are beetles ; “ Lepidoptera,” butterflies and moths ; 

“ Diptera,” house-flies, blue-bottles, daddy-longlegs, and such; 

“ Hemiptera ” or “ Ehynchota ” are hugs, greently, etc. 

Class Insecta : or Insecta Hexapoda. 

Definition.—Insects are small animals, having the Itody divided 

into three regions placed in longitudinal succession—head, thorax, 

and abdomen: they take in air by means of tracheae, a system of 

tul)es distril)uted throughout the Inxly, and opening externally l)y 

means of orifices placed at the sides of the hotly. They have six 

legs, and a pair of antennae ; these latter are placed on the head, 

while the legs are attached tothe thorax, or second of the three great 

Itody divisions ; the alHlomen has no true legs, Imt not infretpiently 

has terminal appendages and, on the under surface, protuberances 

which serve as feet. ^Try freipiently there are tw'o pairs of 

wings, sometimes only one pair, in other cases none: the wings 

are always }daced on the thorax. Insects are transversely seg¬ 

mented—that is to say, the body has the form of a succession of 
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rings; but this condition is in many cases obscure; the number 

of these rings rarely, if ever, exceeds thirteen in addition to the 

head and to a terminal piece that sometimes exists. Insects usually 

change much in appearance in the course of their growth, tlie 

annulose or ringed condition lieing most evident in the early part 

of the individual’s life. The legs are usually elongate and 

apparently jointed, but in the immature condition may be alto¬ 

gether absent, or very short; in the latter case the jointing is 

obscure. The number of jointed legs is always six. 

External Structure. 

The series of rino-s of which the external crust or skeleton of 
O 

Insects is composed exhil)its great modifications, not only in the 

various kinds of Insects but even in the different parts of the 

same individual, and at successive periods of its development; 

so that in the majority of mature Insects the separate rings are 

readily distinguished only in the hind body or abdomen. The 

total number of the visible rings, segments, somites, or arthromeres, 

as they are variously called by different writers, is frequently 

thirteen in addition to the head. This latter part is considered 

to be itself composed of the elements of several rings, but mor¬ 

phologists are not yet agreed as to their number, some thinking 

this is three while others place it as high as seven; three or four 

lieing, perhaps, the figures at present most in favour, though 

"ihallanes, who has recently discussed ^ the sul^ject, considers 

six, the number suggested by Huxley, as the most probable. 

Cholodkovsky is of a similar opinion. However this may be, 

the three rings behind the head constitute the thorax, which is 

always largely developed, though, like the head, its segmenta¬ 

tion is usually very much oliscured by unequal development of 

different parts, or liy consolidation of some of them, or l)y both 

of these conditions. The third great division of the I^ody, the 

abdomen, is also usually much modified by one or more of the 

terminal segments being changed in form, or even entirely with¬ 

drawn into the interior of the body. The existence of ten 

segments in the hind body can, however, be very frequently actually 

demonstrated, so that it is correct to speak of ten as the normal 

number. 
^ Ann. Sci. Nat. (7) iv'. 1887, p. Ill- 
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Tt is no reproach to morphologists that they have not yet 

agreed as to the nnniber of segments that may l)e taken as 

typical for an Insect, for all tlie hranches of evidence hearing on 

the point are still imperfect. It may he well, therefore, to state 

the mf)st extreme views that appear to l)e at all admi.ssilde. 

Hagen^ has recently stated the opinion that each thoracic segment 

consists really of three segments—an anterior or wing-bearer, a 

middle or leg-hearer, and a posterior or stigma-hearer. There 

seems to he no reason for treating the stigma as being at all of 

Pig. 47—Diagram of exterior of insect : the two vertical dotted lines indicate the 
divisions between H, head; T, thorax; and A, abilomeu: a, antenna; h, labrmu ; 
c, mandible ; d, maxillary palpus ; e, labial palpus ; /, facetted eye ; g, proiiotum ; 
h, mesonotum ; i, metanotum ; A', wings ; to abdominal segments ; m, the 
internal membranous portions uniting the apiparently separated segments ; n, cerci ; 
0, stigma ; p, aVjdominal pleuron bearing small stigmata ; q-^, q-2, q-i, pro-, meso-, 
meta-sterna ; mesothoracic episternum ; Si, epimeron, these two forming the 
mesopleuron ; r^, s^, metathoraoic episternum and epimeron; t, coxa; v, trochanter; 
w, femur ; x, tibia ; y, tarsus ; z, gula. 

the nature of an appendage, and the theory of a triple origin for 

these segments may he dismissed. There are, however, sever;d facts 

that indicate a duplicity in these somites, among which we may 

specially mention the remarkahle constancy of two pleural pieces 

on each side of each thoracic segment. The hypothesis of these 

lings Iteing each the rejiresentative of twcj segments cannot there¬ 

fore he at present considered entirely untenahle, and in that case 

the maximum ami minimum numhers that can he suggested 

appear to he twenty-four and eleven, distributed as follows :—• 

’ S/dtin. Ent. Zcit. 1. 1889, p. 165. 
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Maximum. Hininiuin. 

Head . 7 3 
Thorax . 6 3 
Abdomen . . 11 5 

Total . 24 11 

Although it is not probable that ultimately so great a difference 

as these figures indicate will he found to prevail, it is certainly 

at present premature to say that all Insects are made up of the 

same number of primary segments. 

A lu’ief account of the structure of the integument will he 

found in the chapter dealing with the post-embryonic develop¬ 
ment. 

The three great regions of the Insect body are functionally as 

well as anatomically distinct. The head bears the most important 

of the sense organs, viz. the antennae and ocular organs ; it includes 

the greater of the nerve-centres, and carries the mouth as well 

as the appendages, the trophi, connected therewith. The thorax 

is chiefiy devoted to the organs of locomotion, hearing externally 

the wings and legs, and including considerable masses of muscles, 

as well as the nerve centres by wdiich they are innervated ; through 

the thorax there pass, how’ever, in the longitudinal direction, 

those structures by which the unity of the organisation is com¬ 

pleted, viz. the alimentary canal, the dorsal vessel or “ heart ” for 

distributing the nutritive fluid, and also the nerve cords. The 

abdomen includes the greater part of the organs for carrying on 

the life of the individual and of the species; it also frequently 

Itears externally, at or near its termination, ajipendages that are 

doubtless usually organs of sense of a tactile nature. 

In the lower forms of Insect life there is little or no actual in¬ 

ternal triple division of the body; hut in the higher forms such 

separation becomes wonderfully complete, so that the head may 

communicate with the thorax only Ijy a narrow isthmus, and the 

thorax with the abdomen only by a very slender link. This 

arrangement is carried to its greatest extreme in the Hymenoptera 

Aculeata. It may be looked on as possibly a means for separating 

the nutrition of the parts included in the three great body 

divisions. 
Along each side of the body extends a series of orifices for the 

admission of air, the stigmata or spiracles; there are none of 

these on the head, hut on each side of most of the other segments 
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there is one of these spiracles. This, however, is a rule suliject 

t(j many exceptions, and it is doul.»tful whether there is ever a 

spiracle on the last al)doniinal segment. Even in the young stage 

of the Insect the nnndjer of these stigmata is variable; while 

in the perfect Insect the positions of some of the stigmata may he 

much modified correlatively with the unequal development or 

consolidation of parts, especially of the thorax when it is highly 

modified for bearing the wings. 

The segments of the Insect are not separate parts connected 

with one another by joints and ligaments; the condition of the 

Insect crust is in fact that of a continuous long sac, in which 

there are slight constrictions giving rise to the segments, the 

interior of the sac being always traversed from end to end liy a 

tube, or rather by the invaginated ends of the sac itself which 

connect with an included second sac, the stomach. The more 

prominent or exposed parts of the external sac are more or less 

hard, while the constricted parts remain delicate, and thus the 

continuous hag comes to consist of a series of more or less hard 

rings connected by more delicate memliranes. This condition is 

Fig. 48—Tillus eloncjatihs, fully disteuded larva. 

readily seen in distended larvae, and is shown liy our figure 48 

which is taken from the same specimen, whose portrait, drawn 

during life, will be given when we come to the Coleoptera, family 

Cleridae. The nature of the concealed connexions between the 

a})parently separate segments of Insects is shown at •?«, Fig. 4*7, 

p. 88. 

As the number of segments in the adult Insect corresponds— 

except in the head—witli the numlier of divisions that appear 

very early in the embryo, we conclude that the segmentation of 

the adult is, even in Insects which change their form very greatly 

during growth, due to the condition that existed in the eniliryo; 

l)ut it must not be forgotten that important secondary changes 

occur in the somites during the growth and development of 

the individual. Hence in some cases there appear to be more 

than the usual number of segments, e.g. Gardiopliorns larva, 

and in others the number of somites is diminished by anial- 



Ill STRUCTURE 
91 

gaiuation, or by the extreme reduction in size of some of the 

parts. 

Besides the division of the body into consecutive segments, 

another feature is usually conspicuous; the upper part, in many 

segments, being differentiated from the lower and the two being 

connected together by intervening parts in somewhat the same sort 

of way as the segments themselves are connected. Such a differen¬ 

tiation is never visible on the head, but may frequently be seen in 

the thorax, and almost always in the abdomen. A dorsal and a 

ventral aspect are thus separated, while the connecting bond on 

either side forms a pleuron. By this differentiation a second form 

of symmetry is introduced, for whereas there is but one upper and 

one lower aspect, and the two do not correspond, there are two 

lateral and similar areas. This bilateral symmetry is conspicuous 

in nearly all the external parts of the body, and extends to most 

of the internal organs. The pleura, or lateral regions of the 

sac, frequently remain membranous when the dorsal and ventral 

aspects are hard. The dorsal parts of the Insect’s rings are 

also called by writers terga, or nota, and the ventral parts 

sterna. 
The appendages of the body are :—(1) a pair of antennae ; (2) 

the trophi, constituted by three pairs of mouth-parts ; (3) three 

pairs of legs ; (4) the wings^; (5) abdominal appendages of various 

kinds, but usually jointed. Before considering these in detail we 

shall do well to make ourselves more fully acquainted with the 

elementary details of the structure of the trunk. 

In the adult Insect the integument or crust of the liody is 

more or less hard or shell-like, sometimes, indeed, very hard, and 

on examination it will be seen that l^esides the divisions into 

segments and into dorsal, ventral, and pleural regions, there are 

lines indicating the existence of other divisions, and it will be 

found that by dissection along these lines distinct pieces can be 

readily separated. Each hard piece that can be so separated is 

called a sclerite, and the individual sclerites of a segment have 

received names from entomotomists. The sclerites are not really 

1 Tlie wings, by many morphologists, are not included in the category of 

“appendages”; they apparently, however, ditler but little in their nature iioin 

legs, both being outgrowths of the integument ; the wings are, however, always 

post-embryonic in actual appearance, even when their rudiments can be detected in 

the larva. No insect is hatched from the egg in the wing-bearing form. 
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(juite se])ara,te j^jieces, though we are in the haliit of speaking of 

them as if sueli were the case. If an Insect lie distended hy 

})ressure from the interio]', many of the sclerites can he forced 

apart, and it is then seen that they are connected hy delicate 

memhrane. The .structure is thus made u]) of hard parts meeting 

one another along certain lines (jf union—sutures—so that the 

original memhranous continuity may he (piite concealed. In 

many Insects, or in parts of them, the sclerites do not come into 

apposition hy sutures, and are thus, as it were, i.slands of hard 

matter surrounded l)y memhrane. A brief consideration of some 

of the more important sclerites is all that is neces.sary for our 

pre.sent purpose: we will begin with the head. 

The head is most varial_)le in size and form; as a part of its 

surface is occupied hy the eyes and as these organs difier in 

shape, extent, and position to a surprising degree, it is not a 

matter for astonishment that it is almost impossible to agree as 

to terms for the areas of the head. Of the sclerites of the head 

itself there are only three that are sufficiently constant and 

definite to he worthy of description here. The.se are the chp^eus, 

the epicraniuin, and the gula. The clypeus is situate on the 

upper surface of the head-capsule, in front; it bears the lahruni 

which jiiay he l)riefly descril)ed as a sort of flap forming an upper 

lip. The lahruni is usually possessed of some amount of mobility. 

The clypeus itself is excessively varialile in size and form, and 

sometimes cannot he delimited owino; to the obliteration of the 

suture of connexion with the more posterior part of the head; 

it is rarely or never a paired piece. Occasionally there is a 

more or less distinct piece 

interposed between the 

clypeus and the lahruni, 

and which is the source 

of considerable difficulty, as 

it may he taken for the 

clypeus. Some authors call 

the clypeus the epistome, hut 

it is better to use this latter 
clypeus; b, epicrauhim ; c, protoei'.mium ; f Tniruospofiii.il 
<1, gula; e, facetted eye;/, occipital fora- ]. Uipose CI null 

Fig. 49.—Capsule of head of beetle, JIarj)alus 
culiii'inosiis : A, upper ; B, iniiler surface : a 
clypeus ; 
<b_ 

men ; g, submeiitum ; cavity for iusertiou eating the part that is imilie- 
of antenna. diately behind the lahruni, 

whether that part he the clypeus, or some other sclerite; the 
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teini is ^ ery convenient in those cases where the structure cannot 

he^ 01 lias not heeiij satisfactorily cleterniined inorpholoi^ically 

In Figure 5 0 the parts usually visilile on the anterior 

aspect of the head and its appendages are shown so far as these 

latter can be seen when the inoiith is closed ; in tlie case of the 

Fig. 50.—Front view of head of 
tiekl-cricket (Gryllus) : a, 
epicraniiim ; b, comiiouiid 
eye ; c, antenna ; d, post- : 
e, aiite-clypens ; f, lahrum ; 
c/, base of mandible ; h, max¬ 
illary palpus ; i, labial pal¬ 
pus ; k, apex of maxilla. 

Insect here represented the bases of the mandibles are clearly 
seen (g), while their apical portions are ^ 

entirely covered by the labriiin, just 

lielow the lower margin of which the 

tips of the maxillae are seen, looking 

as if they were the continuations of the 

mandibles. 

The labrinn is a somewhat perplex¬ 

ing piece, morphologists being not yet 

agreed as to its nature; it is usual!}' 

placed quite on the front of the head, 

and varies extreinel}’' in form; it is 

nearly alwaj'S a single or unpaired 

piece; the French morphologist Chatin 

considers that it is real!}' a paired 

structure. 

The gula (Fig. 49, B d, and Fig. 47, 

z) is a piece existing in the middle 

longitudinally of the under-surface of the head: in front it 

bears the mentuni or the sulunentum, and extends liackwards 

to the great occipital foramen, but in some Insects the gula 

is in front very distant from the edge of the Ijiiccal cav'ity. 

The epicranium forms the larger part of the head, and is con¬ 

sequent!}' most inconstant in size and shape ; it usuall}' occupies 

the larger part of the upper - surface, and is reflected to the 

under-surface to meet the gxda. Sometimes a transverse line 

exists (Fig. 49, A) dividing the epicranium into two parts, the 

posterior of which has been called the protocranium; which, 

however, is not a good term. The epicranium liears the antennae ; 

these organs do not come out Ijetween the epicranium and the 

cl}'peus, the foramen for their insertion being seated entirely in 

the epicranium (see Fig. 50). In some Insects there are traces of 

the epicranium being dix'ided longitudinally along the middle 

line. "When this part is much modified the antennae may 

appear to be inserted on the lateral portions of the head, or even 
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on its Hiuler-side; this arises from extension of some part of the 

epicranium, as shown in Fig. 49, B, where li, the cavity oi 

insertion of the antenna, apyjears to 1)6 situate on the under¬ 

surface of the epicranium, the appearance Ijeing due to an 

infolding of an angle of the part. 

There is always a gap in the Ijack of the head for the passage 

of the alimentary canal and other organs into the thorax; this 

opening is called the occipital foramen. Various terms, such as 

frons, vertex, occiput, temples, and cheeks, have been used for 

designating areas of the head. The only one of these which is of 

importance is the gena, and even this can only be defined as the 

anterior part of the lateral portion of the head-capsule. An 

extended study of the comparative anatomy of the head-capsule 

is still a desideratum in entomology. The appendages of the head 

that are engaged in the operations of feeding are frequently 

spoken of collectively as the trophi, a term which includes the 

lalu'um as well as the true luiccal appendages. 

The appendages forming tlie parts of the mouth are paired, 

and consist of the mandibles, the maxillae, and the labium, the 

pair in this latter part being combined to form a single body. 

The buccal appendages are frequently spoken of as gnathites. 

The gnathites are some, if not all, of them composed of apparently 

numerous parts, some of these being distinct sclerites, others 

membranous structures which may be either bare or pubescent— 

that is, covered with delicate short hair. In Insects the mouth 

functions in two cgiite different ways, by biting or by sucking. 

The Insects tliat bite are called Mandibulata, and those that suck 

Ilaustellata. In the mandiluilate Insects the compt)sition of the 

gnathites is readily comprehensible, so that in nearly the whole 

of the vast nuniljer of species of that type the corresponding 

X>arts can lie recognised with something like certainty. This, 

however, is not the case with the sucking Insects ; in them the 

])arts of the mouth are very dilferent indeed, so that in some 

cases morphologists are not agreed as to what parts really 

corresp(jnd with some of the structures of the IMandibulata. At 

jtresent it wull l)e suiiicient for us to consider only the mandibulate 

mouth, leaving the various forms of sucking mouth to be 

discussed when we treat of the Orders of Ilaustellata in detail. 

The upper or anterior pair of gnathites is the mandibles, 

(Fig. 50, <j). There is no part of the hotly that varies more than 
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does the mandible, even in the inandibulate Insects. It can 

scarcely be detected in some, while in others, as in the male stag- 

beetle, it may attain the length of the whole of the rest of the 

body; its form, too, varies as much as its size ; most usually, 

however, the pair of mandibles are somewhat of the form of 

callipers, and are used for biting, cutting, holding, or crushing 

purposes. The mandibles are frequently armed with processes 

spoken of as teeth, but which must not be in any way confounded 

with the teeth of Vertebrates. The only Insects that possess an 

articulated tooth are the Passalidae, beetles armed with a rather 

large mandible bearing a single mobile tooth among others that 

are not so. Wood Mason and Chatin consider the mandibles to 

Fig. 51. — Mandibles, 
maxillae, and labium 
of Locusta viriclis- 
sima : A, mandibles ; 
B, maxillae (lateral 
parts) and labium 
(middle parts )'united: 
a, cardo ; b, stipes ; 
c, palpiger ; d, max. 
palp. ; e, lacinia ; /, 
galea ; g, subnientum ; 
h, mentum ; i, pal¬ 
piger ; A, labial pal¬ 
pus ; I, ligula ; m, 
paraglossa (galea); n, 
lacinia ; o, lingua. 

be, morphologically, jointed appendages, and the latter authority 

states that in the mandible of Emhia he has been able to distin¬ 

guish the same elements as exist in the maxillae. In aculeate 

Hymenoptera the mandibles are used to a considerable extent 

for industrial purposes. 
The maxilla is a complex organ consisting of numerous pieces, 

viz. cardo, stipes, palpiger, galea, lacinia, palpus. The galea and 

lacinia are frequently called the lobes of tlie maxilla. The 

maxilla no doubt acts as a sense organ as well as a mechanical 

apparatus for holding; this latter function being subordinate to 

the other. In Fig. 68, p. 122, we have represented a complex 

maxillary sense-organ. 
The labium or lower lip has as its basal portion the un- 
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divided ineutum, and clo.ses the mouth Ijeneath or hehiiid, 

according as the position of tlie head varies. In most Insects 

the labium appears very different from the maxilla, Imt in many 

eases several of the parts corresponding to those of the maxilla 

can he clearly traced in the laltiuni. 

The nientum is an undivided, fre(piently very hard, piece, 

continuous with either the sulmientum or the gula, and anterior 

to this are placed the other parts, viz. 

the labial palpi and their supports, the 

palpigers ; Ijeyond and between the.se 

exists a central piece (Fig. 5 2, B, e), 

about whose name some difference of 

opinion prevails, hut which may he called 

the ligula (languette of French authors), 

and on each side of this is a paraglossa. 

In the Orthoptera the .single median 

piece — the ligula of CVjleo}>terists — is 

represented by two divided parts. In 

some Insects (many Coleoptera) there is 

interposed between the mentum and the 

palpigers a piece called the hypoglottis 

(Fig. 52, B, 1j). It is not so well ascer¬ 

tained as it should be, that the pieces of 

the lower lip Ijearing the same names in 

different Orders are in all cases really 

homologous, and comparison suggests that 
Fig. 52.—Maxilla an.l lower the hvpoglottis of Coleoptera iiiav nos- 

hp of Coleoptera. A, Max- , “ . " 
ilia oi Passahis: a, cardo; ■‘iiuly represent the piece corresponding 
h stipes; c, paipiger ; p, the meiitum of Ortlioiiteiists, the so- 

I'ior lobe or lacinia; /’, called meiitum ot liectlcs liciiig in that 
outer or superior lobe hr the Suhiuentuiu of Orthopteri.sts. 
galea: B, Labmni ot llur- . t 
pidus ccdiginoms: a, men- There is another part of the mout h 

t',’ '^'^'ich we may call special atten- 
labiai pal))); d, palp; e, tioii, as it luis recently attracted more 
ligula; iiaraglo.ssa. j. ■ j.i ”1 -i • , . . 

attention than it lornierly did; it is a 

memliranous lolie in the interior of the mouth, very constnctious 

in Urtho]»tera, and called the tongue, lingua, or hypopharynx ; 

it re],)oses, in the interior of the mouth (Fig. 51, o), on the 

middle ])arts of the front of the laliium; it is probably not 

entirely lost in Coleoptera, but enters into the composition of the 
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complex middle part of the lip by amalgamation with the para- 

glossae. It has recently been proposed to treat this lingua as the 

morphological equivalent of the labium or of the maxillae, giving 

it the name of the endolabium, but the propriety of this course 

remains to be proved; ^ the view is apparently suggested chiefly 

by the structure of the mouth of Hemimerus, a A'ery rare and 

most peculiar Insect that has not as yet been sufficiently studied. 

As the maxillae and labium are largely used by taxonomists 

in the systematic arrangement of the mandibulate Insects, we 

give a figure of them as seen in Coleoptera, where the parts, 

though closely amalgamated, can nevertheless be distinguished. 

This Fig. 52 should be compared with Fig. 51. 

In speaking of the segments of the body we pointed out 

that they were not separate parts but constituted an uninter¬ 

rupted whole, and it is well to remark here that this is also 

true of the gnathites. Although the mouth parts are spoken of 

as separate pieces, they really form only projections from the 

great body wall. Fig. 51, B, shows the intimate connexion 

that exists between the maxillae and labium; the continuity 

of the mandibles with the membrane of the buccal cavity is 

capable of very easy demonstration. 

The head bears, besides the pieces we have considered, a pair 

of antennae. These organs, though varying excessively in form, 

are always present in the adult Insect, and exist even in the 

majority of young Insects. They are very mobile, highly sensitive 

organs, situate on or near the front part of the head. The 

antennae arise in the embryo from the procephalic lobes, the 

morphological import of whicli parts is one of the most difficult 

points connected with Insect embryology. 
The eyes of Insects are of two sorts, simple and compound. 

The simple eyes, or ocelli, vary in number from one to as many 

as eighteen or twenty; when thus numerous they are situated in 

groups on each side of the head. In their most perfect form, as 

found in adult aculeate Hymenoptera, in Orthoptera and Hiptera, 

ocelli are usually two or three in number, and present tlie 

appearance of small, perfectly transY)arent lenses inserted in the 

integument. In their simY)lest form they are said to consist of 

some masses of pigment in connexion with a nerve. 
The compound, or facetted, eyes are the most remarkal»le of all 

^ See on this subject, p. 217. 

VOL. V ^ 
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the structures of the Insect, and in the higher and more active 
forms, such as the Dragon-tiies and hover¬ 
ing Diptera, attain a complexity and deli¬ 
cacy of organisation that elicit the highest 
admiration from every one who studies 
them. They are totally different in 
structure and very distinct in function 
from the eyes of ATrtebrata, and are 
seated on very large special lobes of the 
brain (see Fig. 65), which indeed are 
so large and so complex in structure 
that Insects may he described as possess¬ 
ing special ocular brains brought into 
relation with the lights, shades, and 
movements of the external world by a 
remarkably complex optical apparatus. 
This instrumental part of the eye is 

Fig. 53.—Two ommatidiafrom called the dioptiic part in contradistinc- 
the eye of Colymhetes fus- n ,i • ■ i j.- i 
C«s,x i60. (After Exuer.) fion from the percipient portion, and con- 
a, Cornea; 6, crystalline gistS of ail Outer COriieal leilS (ff. Fig. 53), 
cone ; c, rhabdom \ d. . i p p r i 
fenestrate membrane witli BXpOSGCl SlirlclCG lOrmS 0116 01 til6 
nerve structure.s below it; facets of the eve ; under the lens is placed 

the crystalline cone (5), this latter being 
borne on a rod-like object (c), called the 

rhabdom. There are two layers of pigment, the outer (r), 
called the iris-pigment, the inner (/), the retinal - pigment ; 
underneath, or rather we should say more central tlian, the 
rhabdoms is the fenestrate membrane (iZ), beyond wdiicli there 
is an extremely complex mass of nerve - hbres; nerves also 
penetrate the fenestrate membrane, and their distal extremi¬ 
ties are connected with the delicate sheaths by one of wdiich 
each rhabdom is surrounded, the combination of sheath and 
nerves forming a retinula. Eacli set of the parts above the fene¬ 
strate membrane constitutes an ommatidium, and there may be 
many of these omnialidia in an eye ; indeed, it is said that the 
eye of a small lieetle, ^ronlella, contains as many as 25,000 
ommatidia. As a rule tlie larvae of Insects wdth a complete 
uietamor])hosis bear only simple eyes. In the young of Dragon- 
Hies, as well as of some other Insects having a less perfect meta¬ 
morphosis, the compound eyes exist in the early stages, but they 
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have then an obscure appearance, and are probably functionally 
imperfect. 

In the interior of the head there exists a horny framework 

called the tentorium, whose chief office apparently is to protect 

the brain. It is different in kind according to the species. The 

head shows a remarkable and unicpie relation to the following 

segments. It is the rnle in Insect structure that tlie back of a 

segment overlaps the front part of the one following it; in other 

words, each segment receives within it the front of the one 

behind it. Though this is one of the most constant features of 

Insect anatomy, it is departed from in the case of the head, 

which may be either received into, or overlapped by, the 

segment following it, but never itself overlaps the latter. There 

is perhaps but a single Insect {Hypoceplialus, an anomalous beetle) 

in which the relation between the head and 

thorax can be considered to be at all similar 

to that which exists between each of the 

other segments of the body and that follow¬ 

ing it; and even in Hypoceplicdus it is only 

the posterior angles of the head that over¬ 

lap the thorax. Although the head usually 

appears to be very closely connected with 

the thorax, and is very freque:itly in re¬ 

pose received to a considerable extent within 

the latter, it nevertheless enjoys great 

freedom of motion; this is obtained by 

means of a large membrane, capable of much corrugation, and 

in which there are seated some sclerites, so arranged as to fold 

together and occupy little space when the head is retracted, but 

which help to prop and support it when extended for ieedijig or 

other purposes. These pieces are called the cervical sclerites or 

plates. They are very largely developed in Ilymenoptera, in 

many Coleoptera, and in Blattidte, and have not yet received irom 

anatomists a sufficient amount (jf attention. Huxley suggested 

that they may be portions of head segments. 

Thorax. 

The thorax, being composed of the three consecutive rings 

behind the head, falls naturally into three divisions—pro-, meso-, 

Fig. 54. —Extended head 
and front of thorax of 
a beetle, Eiichrmia: a, 
back of head ; 6, front 
of pronotum ; c, chitin- 
ous retractile band ; d, 
cervical .sclerites. 
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and metathorax. These three segments Jitter greatly in their 

relative proportions in dilfei’ent Insects, and in different stages 

of the same Insect’s life. In their more highly developed con¬ 

ditions each of the three divisions is of complex strncture, anch 

the sclerites of which it is externally made up are sufficiently 

constant in their numbers and relative positions to permit of 

their identification in a vast number of cases; hence the sclerites 

have received names, and their nomenclature is of practical 

importance, because some, if not all, of the.se parts are made use 

of in the classification of Insects. Each division of the thorax 

has an upper region, called synonymically dorsum, notum, or 

tergum; an inferior or ventral region, called sternum; and on 

each side a lateral region, the pleuron. These regions of each of 

the three thoracic divisions are further distinguished by joining 

to their name an indication of the segment spoken of, in the 

form of the prefixes pro-, meso-, and meta-; thus the pronotum, 

prosternum, and propleura make up the prothorax. The thoracic 

regions are each made up of sclerites whose nomenclature is due 

to Audouin.^ He considered that every thoracic ring is com¬ 

posed of the pieces shown in Fig. 55, viz. (1) the sternum (B'', 

ft), an unpaired ventral piece; (2) the notum (A), composed of 

four pieces placed in consecutive longitudinal order (A'), ami 

named praescutum (a), scutum (&), scutellum (c), and post-scutel- 

lum (d); (3) lateral pieces, of which he distinguished on each 

side an episternum (B', c), epimeron (e), and parapteron (d), these 

together forming the pleiiron. AVe give Audouin’s Figiire, hut we 

cannot enter on a full discussion of his views as to the thorax ; 

they have l)ecome widely known, though the constancy of the 

parts is not so great as he supposed it would prove to he. Some¬ 

times it is impossil)le to find all the elements he thought should l.)e 

present in a thoracic ring, while in other cases too many sclerites 

exist. As a lade the notum of the meso- and metathoraces is 

in greater part composed of two pieces, the scutum and the 

scutellum; wdiile in the pronotum only one dorsal piece can he 

satisfactorily distinguished, though a study of the development 

may show that really two are frerpiently, if not usually, present. 

On the other hand, one, or more, of the natal sclerites in some 

cases shows evidence of longitudinal division along the middle. 

The sternum or ventral piece, though varying greatly in form, is 

' iS^ci. Nat. I. 1824, p. P?, etc. 
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the most constant element of a thoracic segment, hnt it lias 

sometim:s the appearance of consisting of two parts, an anterior 

and a posterior. The plenron nearly always consists quite 

e\ddently oi two parts, the episternum, the more anterior and 

interior, and the epimeron.^ The relations between these two 

parts vary much; in some cases the episternum is conspicuously 

the more anterior, while in others the epimeron is placed much 

above it, and may extend nearly as far forwards as it. It may 

l)e said, as a rule, that when the sternum extends farther back¬ 

wards than the notum, the epimeron is above the episternum. 

f’lG. 55.—Mesothorax of Dytismis, after Audouin. A, notum ; A', pieces of the notum 
separated : a, praescutum ; b, scutum ; c, scutellum ; d, jmst - scutellum : B, the 
sternum and pleura united ; B', their parts separated: a, sternum; c, episternum ; 
d, p)arapteron; e, e2)imerou. 

as in many Coleoptera; hut if the sternum be anterior to the 

notum, then the episternum is superior to the epimeron, as in 

dragon-flies. We would here again reiterate the fact that these 

“ pieces ” are really not separate parts, but are more or less in¬ 

durated portions of a continuous integument, which is frequently 

entirely occupied by them; hence a portion of a sclerite that in 

one species is hard, may in an allied form he wholly or partly 

membranous, and in such case its delimitation may he very 

evident on some of its sides, and quite obscure on another. 

^ See also Fig. 47 (p. 88). 
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The parapteroii of Audouiu does not appear to be really a 

distinct portion of the plenron ; in the case of Dytiscus it is 

apparently merely a thickening of an edge. Audouin supposed 

this part to he specially connected with tlie wing-articulation, 

and the term has been subsequently used by other writers in 

connexion with several little pieces that exist in the pleural 

region of winged Insects. o o 

The prothorax is even more subject to variation in its 

development than the other divisions of the thorax are. In the 

Hymenoptera the prosternum is disconnected from the pronotum 

and is capable, together with the first pair of legs, of movement 

independent of its corresponding dorsal part, the pronotum, 

which in this Order is always more or less completely united 

with the meso-thorax; in the Diptera the rule is that the three 

thoracic segments are closely consolidated into one mass. In 

the majority of Insects the prothorax is comparatively free, that 

is to say, it is not so closely united with the other two thoracic 

segments as they are with one another. The three thoracic 

rings are seen in a comparatively uniform state of development 

in a great number of larvae; also in the adult stages of some 

Aptera, and among winged insects in some Xeuroptera such as the 

Embiidae, Termitidae, and Perlidae. In Lepidoptera the pro¬ 

notum bears a pair of erectile processes called patagia; though 

frequently of moderately large size, they escape observation, being 

covered with scales and usually closely adpressed to the sides of 

the pronotum. 

The two great divisions of the body—the mesothorax and 

the metathorax—are usually very intimately combined in winged 

Insects, and even when the prothorax is free, as in Coleoptera, 

these posterior two thoracic rings are very greatly amalgamated. 

In the higher forms of the Order just mentioned the meso- 

sternum and mesopleuron become changed in direction, and form 

as it were a diaphr;igm closing the front of the metasternum. 

The meso- and meta-thorax fre(][uently each l.)ear a pair of wings. 

AVe have de.scril)ed briefly and figured (Fig. 55) the sclerites 

of the mesoth(_)rax, and those of the metathorax correspond fairlv 

well with them. In addition to the sclerites usually descril)ed 

as constituting the.se two thoracic divisions, there are some small 

pieces at the l)ases of the wings. Jurine discriminated and 

named no less than seven of these at the base of the anterior 
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wing of a Hymenopteron. One of them becomes of considerable 

size and importance in the Order just mentioned, and seems 

to be articulated so as to exert pressure on the base of the 

costa of the wing. This structure attains 

its maximum of development in a genus 

(? nondescript) of Scoliidae, as shown in Fig. 

5 6. The best name for this sclerite seems 

to he that proposed by Kirby and Spence, 

tegula. Some writers call it paraptere, hypo- 

ptere, or squamule, and others have termed 

it patagium; this latter name is, however, 

inadmissible, as it is applied to a process of 

the prothorax we have already alluded to. fig. 56 . — Head and 

To complete our account of the structure thorax of fo.ssoriai 
. . wasp from Bogota: t, 

ot the thorax it is necessary to mention cer- tegula; 6, Base of wing, 

tain hard parts projecting into its interior, 

lint of which there is usually little or no trace externally. A 

large process in many Insects projects upwards from the sternum 

in a forked manner. It was called by Audouin the entothorax; 

some modern authors prefer the term apophysis. Longitudinal 

partitions of very large size, descending from the dorsum into 

the interior, also exist; these are called phragmas, and are of 

great importance in some Insects with 

perfect flight, such as Hymenoptera, 

Lepidoptera, and Diptera. There is no 

phragma in connection with the prono- 

tiiin, but behind this part there may 

be three. A phragma has the appear¬ 

ance of being a fold of the dorsum; it 

„ f serves as an attachment for muscles. 
Fig. 57.—Transverse section oi 

skeleton of metathorax of and may pi’oliably lie of service in 

ways. More i„significa..,t. projec- 

metasternum; c, phragma; tioiis into the interior are the little 

^ calle.1 apodemes (Fig. 5 7. r); 

don of articulation. (After these are placed at the sides of the 

thorax near the wings. The apophyses 

are no doubt useful in preserving the delicate vital organs from 

shocks, or from derangement liy the muscular movements and 

tlie changes of position of the liody. 

The appendages of the thorax are {a) inferior, the legs; (6) 
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superior, the wings. The legs are alwaj-s six in number, and are 

usually present even in larvae, though there exist many apodal 

larvae, especially in Diptera. The three pairs of legs form one 

of the most constant of the characters of 

Insects. Tliey are jointed appendages and 

consist of foot, otherwise tarsus ; tiljia, femur, 

trochanter, and coxa; another piece, called 

trochantin more or less distinctly separated 

from the coxa, exists in many Insects. The 

legs are prolongations of the body sac, and 

are in closer relation with the epimera and 

with the episterna than with other parts 

of the crust, though they have a close 

relation with the sternum. If we look at 

the body and leg of a neuropterous Insect 

(Fig. 58) we see that the basal part of the 

leg—tire coxa—is apparently a continua¬ 

tion of one of the two pleural pieces or of 

l)oth; in the latter case one of the prolonged 

pieces forms the coxa proper, and the tip 

of the other forms a supporting piece, 

which may possibly he the homologue of 

the trochantin of some Insects. In some 

Orthoptera, especially in Blattidae, and in 

Termitidae, there is a transverse chitinised 

fold interposed lietween the sternum and 

the coxa, and this has the appearance of 

being the same piece as the trochantin of the anterior legs of 

Coleoptera. 

Beyond the coxa comes the trochanter; this in many 

Ilyn lenoptera is a double piece, though in other Insects it is 

single; usually it is the most insignihcant part of the leg. The 

lemur is, on the wlK)le, the least varial)le part of the leg; the 

til)ia, which follows it, being fre([uently highly modihed for 

industrial or other purposes. The joint between the femur and 

the til.tia is usually lient, and is therefore the most conspicuous 

one in the leg; it is called the knee. The other joints have not 

corresponding names, though that between the tibia and the 

tarsus is of great importance. The spines at the tip of the tibia, 

projecting beyond it, are called spurs, or calcares. The tarsus or 

Fig. 58.—Hind leg of Pom- 

orpa: a, episternuni; a', 
epimeroii ; b, coxa ; 6', 
coxal fold of epimeron ; 
c, troclianter ; d. femur ; 
e, tibia ; /, tarsus. 
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foot is extremely variable; it is very rarely absent, but may 

consist of only one piece—^.joint, as it is frequently called ^— 

or of any larger number up to five, which may lie considered 

the characteristic number in the higher Insect forms. The 

terminal joint of the tarsus bears normally a pair of claws; 

lietween the claws there is frec^uently a lobe or process, 

according to circumstances very varied in different Insects, 

called empodium, arolium, palmula, plantula, pseudonychium, 

or pulvillus. This latter name should only be used in those 

cases in which the sole of the foot is covered with a dense 

pubescence. The form of the individual tarsal joints and the 

armature or vestiture of the lower surface are highly variable. 

The most remarkable tarsus is that found on the front foot of the 

male Bytiscus. 

It has been suggested that the claws and the terminal append¬ 

age of the tarsus ought to be counted as forming a distinct joint; 

hence some authors state that the higher Insects have six joints 

to the feet. These parts, however, are never counted as 

separate joints by systematic entomologists, and it has recently 

been stated that they are not such originally. 

The parts of the foot at the extremity of the last tarsal joint 

proper are of great importance to the creature, and vary greatly 

in different Insects. The most constant part of this apparatus 

is a pair of claws, or a single claw. Between the two claws 

there may exist th6 additional apparatus referred to above. This 

in some Insects—notably in the Diptera—leaches a very complex 

development. We figure these structures in Felopams. spinolae, 

a fossorial Hymenopteron, remarking that our figures exhibit the. 

apparatus in a state of retraction (Fig. 59). According to the 

nomenclature of Dahl and Ockler ^ the plate (h) on the dorsal 

aspect is the pressure plate {Druclc-Platte), and acts as an agent 

of pressm’e on the sole of the pad (C, e); c and d on the 

underside are considered to be extension-agents; c, extension- 

plate ; d, extension-sole (^Streck-Platte, Streck-Sohle). These 

agents are assisted in acting on the pad by means of an elastic 

l)OW placed in the interior of the latter, dhe pad (e) is a very 

remarkable structure, capable of much extension and retraction; 

1 In entomological language the piece between each two joints of an appendage 

is itself called a joint, though segment is doubtless a better term. 

- Arch. f. Naturgeschichte, Ivi. 1890, p. 221. 
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when extended it is seen that the pressure plate is bent twice at 

a right angle so as to form a step, the distal part of which runs 

along the upper face of the basal part of the pad; the apical 

portion of this latter consists of two large lobes, which in repose, as 

shown in our higure (/), fall back on the pad, something in the 

fashion of the retracted claws of the cat, and conceal the pres¬ 

sure-plate. 

The mode in which Insects are able to walk on smooth 

perpendicular surfaces has been much discussed, and it appears 

highly probalde that the method by which this is accomplished 

is the exudation of moisture from the foot; there is still, how¬ 

ever, much to be ascertained before the process can be satisfactorily 

Fig. 59.—Foot of Pelojiaeus, a 
fossorial wasp: A,tarsus entire; 
B, terminal joint, upper side ; 
C, under side. a, claw ; 6, 
base of piressure-plate ; c, e.\- 
tension - plate ; d, extension- 
sole ; e, pad ; /, lobe of pad 
retracted. 

comprehended. The theory to the effect that the method is the 

pressure of the atmosphere acting on the foot when the sole is 

in perfect apposition with the object walked on, or when a 

slight vacuum is created between the two, has apparently less to 
support it. 

Tlie legs of tlie young Insect are usually more simple than 

those of the iidult, and in caterpillars they are short appendages, 

and only imperfectly jointed. If a young liirva, with feet, of 

a beetle, such as Crioceris asparagi be examined, it may be seen 

tint the leg is formed l)y protuberance of the integument, 

wliich becomes divided into parts by simple creases; an observa¬ 

tion suggesting that the more highly developed jointed leg is 

formed in a similar manner. This appears to be really the case, 
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for the actual continuity of the limb at the chief joint—the 

knee-—-can be demonstrated in many Insects by splitting the 

outer integument longitudinally and then pulling the pieces a 

little apart; while in other cases even this is not necessary, 

the knee along its inner face being membranous to a consider¬ 

able extent, and the membrane continuous from femur to tibia. 

Turning to the wings, we remark that there may he one or 

two pairs of these appendages. When there is hut one pair it is 

nearly always mesothoracic, when there are two pairs one is invari¬ 

ably mesothoracic, the other metathoracic. The situation of the 

wing is always at the edge of tlie notum, but the attachment 

varies in other respects. It may be limited to a small spot, and 

this is usually the case with the anterior wing ; or the attachment 

may extend for a considerable distance along the edge of the 

notum, a condition which frequently occurs, especially in the case 

of the posterior wings. The actual connexion of the wings 

with the thorax takes place by means of strong horny lines 

in them which come into very close relation with the little, 

pieces in the thorax which we have already described, and which 

were styled by Audouin articulatory epidemes. There is 

extreme variety in the size, form, texture, and clothing of the 

wings, hut there is so much resemblance in general characters 

amongst the members of each one of the Orders, that it is usually 

possible for an expert, seeing only a wing, to say with certainty 

what Order of Insects its possessor belonged to. We shall allude 

to these characters in treating of the Orders of Insects. 

Each wing consists of two layers, an upper and a lower, and 

between them there may lie tracheae and other structures, 

especially obvious when the wings are newly developed. It has 

been shown by Hagen that the two layers can he separated 

when the wings are recently formed, and it is then seen that 

each laver is traversed liy lines of harder matter, the nervures. 

These ribs are frequently called wing-veins, or nerves, luit as 

they have no relation to the anatomical structures bearing those 

names, it is better to make use of the term nervures. The 

strength, numlier, form and inter - relations of these nervures 

vary exceedinglv; they are thus most important aids in the 

classification of Insects. Hence various efforts have been made 

to establish a system of nomenclature that shall l.ie uniform 

throughout the different Orders, but at iireseiit success has not 
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attended these efforts, and it is proliable that no real homology 

exists l)etween the nervnres of the different Orders of Insects. 

We shall not therefore discuss the question here. We may, 

however, mention that (lernian savants liave recently distin¬ 

guished two forms of nervures which they consider essentially 

distinct, viz. convex and concave. These, to some extent, alter¬ 

nate with one another, ljut a fork given off hy a convex one is 

not considered to he a concave one. The terms convex and con¬ 

cave are not happily chosen; they do not refer to the shape of 

the nervures, hut appear to have been suggested by the fact that 

the surface of the wing being somewhat undulating the convex 

veins more usually run along the ridges, the concave veins along 

the depressions. The convex are the more important of the two, 

l)eing the stronger, and more closely connected with the articula¬ 

tion of the wing. 
The wings, broadly speaking, may be said to be three- 

margined : the margin that is anterior when the wings are 

extended is called the costa, and the edge that is then most 

distant from the body is the outer margin, while the limit that 

lies along the body when the wings are closed is the inner 

margin. 

The only great Order of Insects provided with a single pair 

of wings is the Diptera, and in these the metathorax possesses, 

instead of wings, a pair of little capitate bodies called halteres or 

poisers. In the abnormal Strepsiptera, where a large pair of 

wings is placed on the metathorax, there are on the mesothorax 

some small appendages that are considered to represent the 

anterior wings. In the great Order Coleoptera, or beetles, the 

anterior wings are replaced by a pair of horny sheaths that close 

together over the back of the Insect, concealing the hind-wings, 

so that the beetle looks like a wingless Insect: in other four¬ 

winged Insects it is usually the front wings that are most 

useful in bight, Imt the elytra, as these parts are called in 

Coleoptera, take no active part in bight, and it has been 

recently suggested l)y Hoffl)auer^ that they are not the homo- 

logues of the fr(mt wings, but of the tegulae (see Tig. 56), of other 

Insects. In the Orthoptera the front wings also differ in con¬ 

sistence from the other pair over which they lie in repose, and 

are called tegmina. There are many Insects in which the wings 

^ Zeitschr. %nss. Zool. liv. 1892, p. 579. 
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exist in a more or less rudimentaiy or vestigial condition, though 
they, are never used for purposes of flight. 

The abdomen, or hind body, is the least modified part of the 
body, though some of the numerous rings of which it is composed 
may he extremely altered from the usual simple form. Such 
change takes place at its two extremities, l.)ut usually to a much 
greater extent at the distal extremity than at the base. Tliis 
latter part is attached to, the thorax, and it is a curious fact 
that in many Insects the base of the abdomen is so closely 
connected with the thorax that it has all the appearance of 
being a portion of this latter division of the body; indeed 
it is sometimes difficult to trace the real division between the 
two parts. In such cases a further differentiation may occur, 
and the part of tlie abdomen that on its anterior aspect 
is intimately attached to the thorax may on its posteiior 
aspect be very slightly connected with the rest of the abdomen. 
Under such circumstances it is difficult at first sight to recognise 
the real state of the case. When a segment is thus transferred 
from the abdomen to the 
metathorax, the part is 
called a median segment. 
The most remarkable 
median segment exists in 
those Hymenoptera which 
have a stalked abdomen, 
but a similar though less 
perfect condition exists in 
many Insects. When such 
a union occurs, it is usually 
most complete on the dorsal 
surface, and the first ventral plate may almost totally disappear : 
such an alteration may involve a certain amount of change in 
the sclerites of the next segment, so that the morphological deter¬ 
mination of the parts at the back of the thorax and front of tlie 
abdomen is by no means a simple matter. A highly modified 
hind-body exists in the liigher ants, Myrmicidae. In Uig. 60 
we contrast the simple abdomen of Jctj)yx with the highly modi¬ 

fied state of the same part in an ant. 
Unlike the head and thorax, the alulomen is so loosely knitted 

together that it can undergo much exYiansion and contraction. 

Fig. 60.—Simple abdomen of Japyx (A) contrasted 
with the highly modifled one of an ant, Crypio- 
cerus (B). The segments are numbered from 
before backwards. 
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This is facilitated by an imbricated arrangement of the plates, and 

by their being connected by means of membranes admitting of 

much movement (Fig. 47, w, p. 88). In order to understand the 

structure of the abdomen it should be studied in its most dis¬ 

tended state; it is then seen that there is a dorsal and a ventral 

hard plate to each ring, and there is also usually a stigma; there 

may be foldings or plications near the line of junction of the 

dorsal and ventral plates, but these margins are not really distinct 

pieces. The pleura, in fact, remain membranous in the abdominal 

region, contrasting strongly with the condition of these parts in 

the thorax. The proportions of the plates vary greatly; some¬ 

times the ventral are very large in proportion to the dorsal, as is 

usually the case in Coleoptera, while in the Orthoptera the reverse 

condition prevails. 

Cerci or other appendages frequently exist at the extremity 

of the abdomen (Fig. 47, n, p. 88); the former are sometimes 

like antennae, while in other cases they may be short com¬ 

pressed processes consisting of very few joints. The females of 

many Insects possess saws or piercing instruments concealed 

within the apical part of the abdomen; in other cases an 

elongate exserted organ, called ovipositor, used for placing the 

eggs in suitable positions, is present. Such organs consist, it is 

thought, either of modified appendages, called gonapophyses, or 

of dorsal, ventral, or pleural plates. The males frequently bear 

within the extremity of the body a more or less complicated 

apparatus called the genital armour. The term gouapophysis is 

at present a vague one, including stings, some ovipositors, por¬ 

tions of male copulatory apparatus, or other structures, of which 

the origin is more or less obscure. 

The caterpillar, or larva, of the Lepidoptera and some other 

Insects, bears a greater number of legs than the three pairs we 

have mentioned as being the normal number in Insects, but the 

posterior feet are in this case very different from the anterior, 

and are called false legs or prolegs. These prolegs, which are 

placed on the hind body, bear a series of hooks in Lepidopterous 

larvae, but the analogous structures of Sawfiy larvae are destitute 
of such hooks. 

Placed ahmg the sides of the body, usually (piite visible in 

the larva, but more or less caincealed in the perfect Insect, are 

little apertures for the admittance of air to the respiratory 
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system. They are called spiracles or stigmata. There is 

extreme variety in their structure and size; the largest and most 

remarkable are found on the prothorax of Coleoptera, especially in 

the groups Copridae and Ceramhycidae. 

The exact position of the stigmata varies greatly, as does also 

their number. In the Order Aptera there may he none, while 

the maximum number of eleven pairs is said by Grassi ^ to be 

attained in Jajpyx solifugiis : in no other Insect have more than 

ten pairs been recorded, and this number is comparatively rare. 

Both position and number frequently differ in the early and 

later stages of the same Insect. The structure of the stigmata 

is quite as inconstant as the other points we have mentioned are. 

The admission of air to the tracheal system and its confine¬ 

ment there, as well as the exclusion of foreign bodies, have to be 

provided for. The control of the air within the system is, 

according to Landois and Krancher,® usually accomplished Ijy 

means of an occluding apparatus placed on the tracheal trunk a 

little inside of the stigma, and in such case this latter orifice 

serves chiefly as a means for preventing the 

intrusion of foreign bodies. The occluding 

apparatus consists of muscular and mechanical 

parts, which differ much in their details in 

different Insects. Lowne supposes that the 

air is maintained in the tracheal system in a 

compressed condition, and if this be so, this 

apparatus must be of great importance in the 

Insect economy. Miall and Denny ^ state Fia. 61. 

that in the anterior stigmata of the cock¬ 

roach the valves act as the occluding agents, 

muscles being attached directly to the inner 

face of the valves, and in some other Insects 

the spiracular valves appear to act partially 

by muscular agency, but there are many 

stimnata having valves destitute of muscles. 

According to Lowne ® there exist valves in the blowfly at the 

entrance to the trachea pro})er, and he gives the following as tlie 

arrangement of parts for the admission of air :—there is a spiracle 

'b 

-Membranous 
space between pro- 
and meso-thovaces of 
a beetle Euchroma, 
showing stigma [st) ; 
a, hind margin of 
pronotum ; h, front 
leg ; c, front margin 
of mesouotum ; d, 
base of elytra ; e, 
mesosternuni. 

1 Mem. Acc. Lincci Rom. (4) iv. 1888, p. 554. 

“ Zi itschr. wiss. Zool. xvii. 1867, p. 187. ^ Zool. Anz. iii. 1880, p. 584. 

TJic Cockroach, 1886, p. 151. = Anatomy of the Blowfly, 1893, p. 362 
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leading into a chamber, the atrium, which is limited inwardly 

by the occluding apparatus; and Iteyond this there is a second 

chamber, the vestibule, separated from the tracheae ]3roper by a 

valvular arrangement. He considers that the vestibule acts as a 

pump to force the air into the tracheae. 

Systematic Orientation. 

Terms relating to position are unfortunately used by writers 

on entomology in various, even in opposite senses. Great 

confusion exists as to the application of such words as base, apex, 

transverse, longitudinal. We can best explain the way in 

which the relative positions and directions of parts should be 

described by reference to Figure 62. The spot 3 represents an 

imaginary centre, situated between the thorax and abdomen, to 

which all the parts of the body are supposed to be related. The 

Insect should always be described as if it were in the position 

shown in the Figure, and the terms used should not vary as the 

position is changed. The creature is placed with ventral surface 

beneath, and with the appendages extended, like the Insect itself, 

in a horizontal plane. In the Figure the legs are, for clearness, 

made to radiate, but in the 

yjroper position the anterior pair 

should be approximate in front, 

and the middle and hind pairs 

directed backwards under the 

body. The legs are not to be 

treated as if they were hanging 

from the body, though that is 

the position they frecpiently 

actually assume. The right and 

left sides, and the upper and 

lower faces (these latter are 

frecpiently also spoken of as 

sides), are still to retain the 

same nomenclature even when 

terms of position. A, ape.x; B, ba.se : the position ot the specimen IS 

1, tibia ; 2, last abdominal segment; 3, reversed. The base of ail ormiii 
uleal centre. , , . ^ 

IS that luargili that is nearest 

to the ideal centre, the apex that which is most distant. 
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Thus in Fig. 62, where 1 indicates the front tibia, the apex 

(A) is broader than the base (B) ; in the antennae the apex is 

the front part, while in the cerci the apex is the posterior part; 

in the last abdominal segment (2) the base (B) is in front of the 

apex (A). The terms longitudinal and transverse should always 

be used with reference to the two chief axes of the body-surface ; 

longitudinal referring to the axis extending from before hack- 

W'arcls, and transverse to that going across, i.e. from side to side. 

VOL. V I 



CHAPTER I\ 

ARRANGEMENT OF INTERNAL ORGANS-MUSCLES-NERVOUS SYSTEM 

-GANGLIONIC CHAIN BRAIN—-SENSE-ORGANS ALIMENTARY 

CANAL-MALPIGHIAN TUBES-RESPIRATION-TRACHEAL 

SYSTEM-FUNCTION OF RESPIRATION-BLOOD OR BLOOD- 

CHYLE-DORSAL VESSEL OR HEART-FAT-BODY-OVARIES- 

TESTES-PARTHENOGENESIS-GLANDS. 

The internal anatomy of Insects may be conveniently dealt with 

under the following heads :—(1) Muscular system; (2) nervous 

Fig. 63.—Diagram of arrangement of some of the internal organs of an Insect : a, month ; 
b, mandible ; c, idiarynx ; d, oesophagus ; e, salivary glands (usually extending 
further backwards) ; /, eye ; g, supra-oesophageal ganglion ; h, sub-oe.sophageal 
ganglion; i, tentorium ; j, aorta; /C], L,, t'3, entothorax ; ^-^31 ventral nervous 
chain; crop; n, inoventriculus ; 0, stomach; Malpighian tubes; q, small 
intestine ; r, large intestine ; s, heart ; t, [lericardial septum ; n, u, ovary composed 
of four egg-tubes ; v, oviduct ; sperniatheca (or an accessory gland) : x, retractile 
ovipositor ; y, cercus ; z, labrum. 

system ; (3) alimentary system (under wliich may he included 

secretion iind e.Ncretion, aliout which in Insects very little is 

known); (4) respiratory organs ; (o) circnlatory system ; (G) fat- 
body ; (7) reproductive system. 
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Many of the anatomical strnctnres have positions in the body 

that are fairly constant throughout the class. Parts of the 

respiratory and muscular systems and the fat-hody occur in most 

of the districts of the body. The heart is placed just below the 

dorsal surface ; the alimentary canal extends along the middle 

from the head to the end of the body. The chief parts of the 

nervous system are below the alimentary canal, except that the 

brain is placed above the beginning of the canal in the head. 

The reproductive system extends in the abdomen obliquely from 

above downwards, commencing anteriorly at the upper part and 

terminating posteriorly at the lower part of the body cavity. 

In Fig. 63 we show the arrangement of some of the chief 

organs of the body, with the exception of the muscular and 

respiratory systems, and the fat-hody. It is scarcely necessary 

to point out that the figure is merely diagrammatic, and does not 

show the shapes and sizes of the organs as they will be found in 

any one Insect. 

Muscles. 

The muscular system of Insects is very extensive, Lyonnet ^ 

having found, it is said, nearly 4000 muscles in the caterpillar 

of the goat-moth ; a large part of this number are segmental 

repetitions, nevertheless the muscular system is really complex, 

as may he seen by referring to the study of the flight of dragon¬ 

flies by von Lendenfeld.^ 

The minute structure of the muscles does not differ essentially 

from what obtains in Vertebrate animals. The muscles are 

aggregations of minute fibrils which are transversely striated, 

though in variable degree. Those in the thorax are yellow or 

pale l)rown, hut in other parts the colour is more nearly white. 

The muscles of flight are described as l.)eing penetrated Ijy 

numerous tracheae, while those found elsewhere are merely 

surrounded by these aerating tidjules. 

The force brought into play by the contractions of Insect muscles 

is very great, and has been repeatedly stated to he much superior 

to that of AVrtebrate animals; very little reliance can, however, be 

1 Lyonnet, Traite anatomiqitc de la Chenille qui roneje le hois dc Saule. La 

Haj’e, 1762. On p. 188 he says that he found 1647 muscles, without counting 

those of the head and internal organs of the body. He puts the number found in 

the human body at 529. 

2 SB. Ak. men, Abth. 1, l.x.yxiii. 1881, pp. 289-376. 
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placed on the assuinptions and calculations that are supposed to 

prove this, and it is not supported l)j Canierano’s recent researche.s.^ 

Some of the tendons to which the muscles are attached are 

very elaborate structures, and are as hard as the chitinous 

skeleton, so as to be like small liones in their nature. A very 

elaliorate tendon of this kind is connected with the prothoracic 

trochantin in Coleoptera, and may Ije readily examined in Hydro- 

jdiilns. It has been suggested that the eututhorax is tendinous in 

its origin, hut other morphologists treat it, with more reason, as 

an elaborate fold inwards of the integument. 

Nervous System. 

Insects are provided with a very complex nervous system, 

which may he treated as consisting of three divisions :—(1) The 

cephalic system ; (2) tlie ventral, or ganglionic chain ; (3) an 

accessory sympathetic system, or 

systems. All these divisions 

are intimately connected. We 

will consider first the most ex¬ 

tensive, viz. the ventral chain. 

This consists of a series of small 

masses of nervous matter called 

ganglia which extend in the 

longitudinal direction of the 

I)ody along the median line of 

the lower aspect, and are con¬ 

nected by longitudinal commis¬ 

sures, each ganglion l)eing joined 
to tliat following it by two 

threads of nervous matter. Each 

of the ganglia of the ventral 

chain really consists of two 

ganglia placed side by side 

connected by commissures 

well as celhdar inatter. 

and 

as 

In 
Fig. 64.—Cephalic and ventral chain of larvae Some of the gaim,Iia IIUIV 

ganglia: A, larva of contiguous, SO that the COlll- 

missures do not exist. From 

nerves proceed to the various jiarts of the 

Ilem. Acc. Torino (2), xliii. 1893, p. 229. 

imago of Ilippubosca. (After Brandt. \ 

the ganglici motor 
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body for the purpose of stimulating and co-ordinating the 

contractions of the muscles. The number of the gaiiLdia 

in the ventral chain differs greatly in different Insects, and 

even in the different stages of metamorphosis of the same 

species, but never exceeds thirteen. As this number is that 

of the segments of the body, it has been considered that each 

segment had primitively a single ganglion. Thirteen ganglia for 

the ventral, chain can, however, be only demonstrated in the 

embryonic state ; in the later stages of life eleven appears to be 

the largest number that can be distinguished, and so many as 

this are found but rarely, and then chiefly in the larval stage. 

The diminution in number takes place by the amalgamation or 

coalescence of some of the ganglia, and hence those Insects in 

which the ganglia are few are said to have a highly concentrated 

nervous system. 'The inodes in which these ganglia combine are 

very various; the most usual is perhaps that of the combination 

of the three terminal ganglia into one body. As a rule it may be 

said that concentration is the concomitant of a more forward posi¬ 

tion of the ganglia. As a result of this it is found that in some 

cases, as in Lamellicorn beetles, there are no ganglia situate in 

the abdomen. In the perfect state of the higher Diptera, the 

thoracic and abdominal ganglia are so completely concentrated 

in the thorax as to form a sort of thoracic brain. In Tig. 64 

we represent a very diffuse and a very concentrated ganglionic 

chain; A being that of the larva of Cliironovius, B that of the 

imago of Hipiwlosca. In both these sketches the cephalic ganglia 

as well as those of the ventral chain are shown. 

Turning next to the cephalic masses, we find these in the 

perfect Insect to be nearly always two in number; a very large 

and complex one placed above the oesophagus, and therefore 

called the supra-oesophageal ganglion; and a smaller one, the 

sul)- or infra-oesophageal, placed below the oesophagus. The 

latter ganglion is in many Insects so closely approximated to 

the supra-oesophageal ganglion that it appears to l)e a part 

thereof, and is sometimes spoken of as the lower lirain. In 

other Insects these two ganglia are more remote, and the infra- 

oesophageal one then appears part of the ventral chain. In 

the embryo it is said that the mode of development of the 

supra-oesophageal ganglion lends support to the idea that it 

may be the equivalent of three ganglia; there being at one 
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time three loljes, which afterwards coalesce, on each side of the 

mouth. This is in accordance with the view formulated l;>y 

ATallanes ^ to the eifect that this great nerve-centre, or brain, 

as it is fre(]^uently called, consists essentially of three parts, viz. 

a Proto-, a l)euto-, and a Trito-cerebron. It is, however, only 

proper to -say that though the l)rain and the ventral chain of 

ganglia may appear to be one system, and in the early eniliryonic 

condition to be actually continuous, these points cannot Ije con¬ 

sidered to be fully estaldished. Dr. L. ’Will has informed us “ 

that in Aphididae the Ijrain has a separate origin, and is only 

subsequently united with the ganglionic chain. Borne authorities 

say that in the early condition the su1j-oesophageal ganglion is 

formed from two, and the supra-oesophageal from the same numljer 

of ganglia; the division in that case being 2 and 2, not 3 and 1, as 

Viallanes’ views would suggest. The inquiries that are necessary 

to establish such points involve very complex and delicate in¬ 

vestigations, so that it is not a matter of surprise that it cannot 

yet be said whether each of these views may be in certain cases 

correct. The supra- and sub-oesophageal ganglia are always 

intimately connected by a commissure on each side of the 

oesophagus; when very closely approximated they look like one 

mass through which passes the oesophagus (Pig. 66, A). The 

large supra-oesophageal ganglion supplies the great nerves of 

the cephalic sense-organs, while the smaller sub-oesophageal 

centre gives off the nerves to the parts of the mouth. Prom 

the lower and anterior part of the supra-oesophageal ganglion a 

nervous filament extends as a ring round the anterior part of the 

oesophagus, and supplies a nerve to the upper lip.^ This structure 

is not very well known, and has been chiefly studied by Lienard,^ 

who considers that it will })rove to be present in all Insects. 

AVhether the two cephalic ganglia be considered as really part 

of a single great ganglionic chain, or the reverse, they are at any 

rate always intimately connected witli the ventral ganglia. AVe 

liave already stated that the two ce})halic masses are themselves 

closely approximated in many Insects, and may add that in 

some llemi})tera the first thoracic ganglion of the ventral chain 

is amalgamated into one I)ody with the sub-oesophageal ganglion, 

1 Bull. Soc. Philovi. Paris (7), -xi. 1887, p. 119, etc., and C. 11. civ. 1887, p. 444. 

■ Zool. Jahrbucli. Anal. iii. 1888, p. 276. ® Kolbe, Einfiihrung, 1893, p. 411. 

^ Arch, dc Biol. i. 1880, p. 381. 
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and further that there are a few Insects in which this latter 

centre is wanting. If the cephalic ganglia and ventral chain he 

looked on as part of one system, this may be considered as 

composed originally of seventeen ganglia, which number has 

been demonstrated in some embryos. 

The anatomy of the supra-oesophageal ganglion is very 

complex; it has been recently investigated by Yiallaues ^ in the 

wasp (Vespa) and in a grasshopper {Caloptenus italicus). The 

development and complication of its inner structure and of some 

of its outer parts appear to be proportional with the state of 

advancement of the instinct or intelligence of the Insect, and 

Yiallaues found the brain of the grasshopper to be of a more 

simple nature than that of the wasp. 

Fig. 65.—Brain of Worker Ant 
of Fonnica rufa. (After 
Leydig, highly magnified.) 
Explanation in text. 

Brandt, to whom is due a large part of our knowledge of 

the anatomy of the nervous system in Insects, says that the 

supra-oesophageal ganglion varies greatly in size in various 

Insects, its mass being to a great extent proportional with tlie 

development of the compound eyes; hence the absolute size is 

not a criterion for the amount of intelligence, and we must 

rather look to the complication of the structure and to the 

development of certain parts for an index of this nature. The 

drone in the honey - bee has, correlatively with the superior 

development of its eyes, a larger brain than the worker, ljut the 

size of the hemispheres, and the development of the gyri 

cerebrales is superior in the latter. In other words, the mass of 

’ Ann. Sci. Xaf. Zool. (7) ii. 1887, and iv. 1887. 
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those great lobes of the lirain that are directly connected with 

the faceted eyes nuist not he taken into account in a considera¬ 

tion of tlie relation of the size and development of the brain to 

the intelligence of the individual. The weight of the brain in 

Insects is said l)y Lowne to A’ary from to of the 

weight of the l)ody. 

Figure G5 gives a view of one side of the supra-oesophageal 

ganglion of the worker of an ant,—Formica rvfa,—and is 

taken from Leydig, who gives the following elucidation of it: 

A, primary lobe, a, homogeneous granular inner substance, h, 

cellular envelope; B, stalked h<.)dies (gyri cereljrales), a, h, as 

before; c, presumed olfactory lobes, c, 'inner substance, d, gang- 

Fig. 66. —• Stomato - gastric 
nerves of Cockroach : A, 
with brain in situ, after 
Koestler ; B, with the 
brain removed, after Miall 
and Denny : s.g, supra- 
oesophageal ganglion ; o, 
optic nerve ; a, antenuary 
nerve ; f.g, frontal gang¬ 
lion ; oe, oesophagus ; c, 
connective ; p.g, paired 
ganglia ; v.g, crop or ven¬ 
tricular ganglion ; r, re¬ 
current nerve. 

lionic masses; i), ocular lobes, e, f, y, /i, various layers of the 

same; B, origin of lateral commissures; r, median commissure 

in interior of brain; o’, lower brain (sub-oesophageal ganglion); 
//, ocelli; J, faceted eye. 

besides the l»rain and the great cliain of ganglia there exists 

an accessory system, or systems, sometimes called the syni- 

])atlietic, vagus, or visceral system. Although complex, these 

l)arts are delicate and dillicult of dissection, and are consequentlv 

not so well known as is the ganglionic chain. There is a con¬ 

necting or median nerve cord, communicating with tlie longi¬ 

tudinal commissures of each segment, and itself dilating into 

ganglia at intervals; this is sometimes called the unpaired 

system. There is another grou]) of nerves having paired ganglia. 
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Starting from a small ganglion in the forehead, then connecting 

with the brain, and afterwards extending along the oesophagus 

to the crop and proventriculus (Fig. 66). This is usually called 

the stomatogastric system. The oesophageal ring we have already 
spoken of. 

By means of these accessory nervous systems all the organs 

of the l)ody are brought into more or less direct relation with 
the brain and the ganglionic chain. 

Our knowledge of these subsidiary nervous systems is by 

no means extensive, and their nomenclature is very unsettled; 

little is actually known as to their functions. 

Organs of Sense. 

Insects have most delicate powers of perception, indeed they 

are perhaps superior in this respect to the other classes of 

animals. Their senses, though probably on the whole analogous 

to those of the Yertebrata, are certainly far from corresponding 

therewith, and their sense organs seem to be even more different 

from those of what we call the, higher animals than the functions 

themselves are. AYe have already briefly sketched the structure 

of the optical organs, whicli are invariably situate on the head. 

This is not the case with the ears, which certainly exist in one 

Order,—the Orthoptera,—and are placed either on the front 

legs below the knee, or at the base of the abdomen. Notwith¬ 

standing their strange situation, the structures alluded to are 

undoubtedly auditory, and somewhat approximate in nature to the 

ear of AYrtebrates, being placed in proximity to the inner face of 

a tense membrane; we shall refer to them when considering the 

Orthoptera. Sir John Lubbock considers—no doubt with reason 

—that some ants have auditory organs in the til)ia. Many 

Insects po.ssess rod-like or bristle-like structures in various parts 

of the body, called chordotonal organs; they are considered by 

Oral)er^ and others to have auditory functions, though they are 

not to be compared with the deflnite ears of the Orthoptera. 

The other senses and sense organs of Insects are even less 

known, and have given rise to much perplexity; for though many 

structures have been detected that may with more or less prob¬ 

ability lie looked on as sense organs, it is difficult to assign a 

^ Zool. Anz. iv. 1881, p. 452. 
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particular function to any of them, except it Ije to the sensory 

hairs. These are seated on various 

parts of the l)ody. The chitinous 

covering, Iteing a dead, hard sul)stance, 

has no nerves distributed in it, Init it 

is pierced with orifices, and in some of 

these there is implanted a hair which 

at its base is in connexion with a 

nerve ; such a structure may pos¬ 

sibly be sensitive not only to contact 

with solid bodies, but even to vari- 

„ j- 1 f ous kinds of vibration. "We gir’e a 
Fig. 67.—Longiuiainal section oi ^ ^ ^ 

portion of caudal appendage of figure (Fig. 67) of SOllie of these liail’S 

of a cricket, 

dermis ; n, nerve ; integu- after k oni Eatll. The Small hail’S Oil 
mental hairs, not sensitive; A-, j.i ^ < i* i • 
ordinary hair ; sensory hair ; Otltcr SlllIclC6 01 tll6 cllitlll ill tllis 
h*, bladder-like hair ; s~, sense- ficrure have 110 SenSOl’V function, hut 
cell ^ 

each of the others probably has; and 

these latter, being each accompanied by a different structure, 

must, though so closely approximated, 

be supposed to have a different function ; 

hut in what way those that have no 

direct connexion with a nerve may act 

it is difficult to guess. 

The antennae of Insects are the seats 

of a great variety of sense organs, many 

of which are modifications of the hair, 

pit and nerve structure we have described 

above, hut others cannot be brought 

within this category. Amongst these 

we may mention the pits covered with 

membrane (figured by various writers), 

perforations of the chitin without any 

hair, and memlaanoiis liodies eitlier con¬ 

cealed in cavities or partially protruding 

therefrom. 

Various parts of the mouth are also 

the seats of sense organs of different kinds, some of them of a 

compound character; in sue!i cases there may lie a considerahle 

number of hairs seated on branches of a common nerve as figured 

Fig. 68.—Longitudinal section 
of apex of palpus of Pierin 
hrassicae; sch, scales ; cli, 
cliitiu ; k]/2>, liypoderinis ; 
■n, nerve ; .<c, sense cells ; 
gli, sense hairs. (After 
^'oln Rath.) 
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by Yoni Eath^ on the apex of the maxillary palp of Locusta 

viridissima, or a compound organ such as we represent in Fig. 6 8 

may be located in the interior of the apical portion of the palp. 

The functions of the various structures that have been 

detected are, as already, remarked, very diflicult to discover. 

Yoni Eath thinks the cones he describes on the antennae and palpi 

are organs of smell, while he assigns to those on tlie maxillae, 

lower lip, epipharynx, and hypopharynx the role of taste organs, 

but admits he cannot draw any absolute line of distinction 

between the two forms. The opinions of Kraepelin, Hauser, and 

AYill, as well as those of various earlier writers, are considered in 

Sir John Lubbock’s book on this subject." 

Alimentary and Nutritive System. 

The alimentary canal occupies the median longitudinal axis 

of the body, being situated below the dorsal vessel, and aliove the 

ventral nervous chain ; it extends from the mouth to the opposite 

extremity of the body. It varies greatly in the different 

kinds of Insects, but in all its forms it is recognised as con¬ 

sisting essentially of three divisions: anterior, middle, and pos¬ 

terior. The first and last of these divisions are considered to be 

of quite different morphological nature from the middle part, 

or true stomach, and to be, as it were, invaginations of the 

extremities of a closed bag; it is ascertained that in the emliryo 

these invaginations have really blind extremities (see Fig. 82, 

p. 151), and only subsec|uently become connected with the middle 

part of the canal. There are even some larvae of Insects in which 

the posterior portion of the canal is not opened till near the close 

of the larval life ; this is the case with many Ilymenoptera, and 

it is probable, tliough not as frequently stated certain, that the 

occlusion marks the point of junction of the proctodaeum Avith 

the stomach. The anterior and posterior parts of the canal are 

formed by the ectoderm of the embryo, and in embryological and 

morphological language are called respectively the stoniodaeum 

and proctodaeum ; the true stomach is formed from the endoderm, 

1 Zeitschr. wiss. Zool. xlvi. 1888, pi. xxxi. 

- On the Senses, Instuicts, and Intelligence of Animals, with special reference to 

Insects. Vol. LXV. International Scientific Series, 1888. 
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and the muscular layer of the whole canal from the meso¬ 

derm. 

The alimentary canal is more complex anatomically than it is 

nior])hologically, and various parts are distinguished, viz. the 

canal and its appendicula; the former consisting of oesophagus, 

crop, gizzard, true stomach, and an 

intestine divided into two or more 

parts. It should he remarked that 

though it is probable that the mor¬ 

phological distinctions correspond to 

a great extent with the anatomical 

lines of demarcation, yet this has 

not been sufficiently ascertained : the 

origin of the proctodaeum in Musca 

is indeed a point of special difficulty, 

and one on which there is consider¬ 

able diversity of opinion. In some 

Hemiptera the division of the canal 

into three parts is very obscure, 

so that it would be more correct, as 

Dufour says, to define it as consist¬ 

ing in these Insects of two main 

divisions—one anterior to, the other 

posterior to, the insertion of the Mal¬ 

pighian tubes. 

It should be borne in mind that 

the alimentary canal is very different 

in different Insects, so that the ]»rief 

general description we must confine 

ourselves to will not l)e found to 

apply satisfactorily to any one In¬ 

sect. The (')eso])hagus is the part be¬ 

hind the mouth, and is usually narrow, 

as it has to ])ass through the most 

Fig. 69. — Digestive system of 
Xyphidria camehis (after I>u- 
foiir) : It, liead capsule ; h, sal¬ 
ivary glands ; c, oesojdiagus ; il, 
crop ; e, jiroventriculus; /, cliyle, 
or true stomach ; small intes¬ 
tine; h, large intestine ; i, Mal¬ 
pighian tubes; k, termination of important nei’Vous Centres ; extremely 

A'ariahle in length, it dilates behind 
to form tlie crop. It may, te)o, have a dilatation immediately 

l)ehind the mouth, and in such case a pharynx is considered to 

exist. The cro]) is la’oader th;in the oesophagus, and must be 

looked on as ti mere dilatation of the latter, as no line of 
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demarcation can be pointed out between the two, and the crop 

map lie totally absent. 

In some of the sucking Insects there is a lateral diverticulum, 

having a stalk of greater or less length, called the sucking- 

stomach ; it is by no means certain that the function this name 

implies is correctly assigned to the organ. 

The gizzard or proventriculus (French, g4sier; German, 

Kcmmagen') is a small body interposed in some Insects between 

the true stomach and the crop or oesophagus. It is frequently 

remarkable for the development of its chitinous lining into 

strong toothed or ridged processes that look as if tliey were well 

adapted for the comminution of food. The function of the 

proventriculus in some Insects is obscure; its structure is used 

Ijy systematists in the classification of ants. The extremity of 

the proventriculus not infrequently projects into the cavity of 

the stomach. 

The true stomach, or chylific ventricle {Magen or Mitteldarm 

of the Germans), is present in all the post-embryonic stages of 

the Insect’s life, existing even in the imagines of those who 

live only for a few hoiu’S, and do not use the stomach for any 

alimentary purpose. It is so variable in shape and capacity that 

no general description of it can be given. Sometimes it is ver}' 

elongate, so that it is coiled and like an intestine in shape; it 

^-ery frequently bears diverticula or pouches, which are placed on 

the anterior part, and vary greatly in size, sometimes they are 

onlv two in number, while in other cases they are so numerous 

that a portion of the outside of the stomach looks as if it were 

covered with villi. A division of the stomach into two parts 

is in some cases very marked, and the posterior portion may, in 

certain cases, be mistaken for the intestine; but the position oi 

the Malpighian tubes serves as a mark for the distinction of the 

two structures, the tubes being inserted just at the junction ot 

the stomach with the intestine. 
The intestine is very variable in length : the anterior part is 

the smaller, and is frequently spoken of as the colon; at the 

extremity of the l)ody the gut becomes much larger, so as to 

form a rectum. There is occasionally a diverticulum or “ caecum ” 

connected with the rectum, and in some Insects stink-glands. 

In some Hemiptera. there is no small intestine, the Malpighian 

tubes being inserted at the junction ol the stomach with the 
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rectum. The total length of the alimentary canal is extremely 

variable ; it is necessarily at least as long as the distance between 

the mouth and anal orifice, but sometimes it is five or six 

times as long as this, and some of its parts then form coils in 

the abdominal cavity. 

The alimentary canal has two coats of muscles : a longitudinal 

and’a transverse or annular. Both coexist in most of its parts. 

Internal to these coats there exists in the anterior and posterior 

parts of the canal a chitinous layer, which in the stomach is 

replaced by a remarkable epithelium, the cells of which are 

renewed, new ones growing while the old are still in activity, 

We figure a portion of this structure after Miall and Denny, 

and may remark that Oudemans ^ has verified the correctness of 

their representation. The layers below represent the longi¬ 

tudinal and transverse muscles. 

Fig. 70.—Epithelium of stomach 
of Cockroach (after Miall and 
Denny) : the lower parts indi¬ 
cate the transverse and longi¬ 
tudinal muscular layers. 

In addition to the various diverticula we have mentioned, 

there are two important sets of organs connected with the 

alimentary canal, viz. the salivary glands and the Malpighian 
tubes. 

The salivary glands are present in many Insects, but are 

absent in others. They are situate in the anterior portion of 

the body, and are very variable in their development, being 

sometimes very extensive, in other cases inconspicuous. They 

consist either ot simple tubes lined with cells, or of branched 

tul)es, or of tidies dilated laterally into little acini or groups of 

liags, the arrangement then somewhat resembling that of a bunch 

ol grajies. There are sometimes large sacs or reservoirs con¬ 

nected ivuth the efferent tubes proceeding from the secreting 

portions of the glands. The salivary glands ultimately discharge 

into the mouth, so that the fiuid secreted by them has to be 

’ Bijd. Dicrkunde, 16, 1S88, p. 192. 
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swallowed in the same manner as the food, not improbahly along 

with it. The silk so copiously produced liy some larvae comes 

from very long tubes similar in form and situation to the simple 

tubes of the salivary glands. 

The Malpighian tubules are present in most Insects, though 

they are considered on good authority to be absent in many 

Collembola and in some Thysanura. They are placed near the 

posterior part of the body, usually opening into the alimentary 

canal just at the junction of the stomach and the intestine, at a 

spot called the pylorus. ‘They vary excessively in length and in 

number,^ being sometimes only two, while in other cases there 

may be a hundred or even more of them. In some cases they 

are budded off from the hind-gut of the embryo when this is 

still very small; in other cases they appear later; frequently 

their number is greater in the adult than it is in the young. 

In C-h'yllotalioa there is one tube or duct with a considerable 

number of finer tubes at the end of it. There is no muscular 

layer in the Malpighian tubes, they being lined with cells which 

leave a free canal in the centre. The tubes are now thought, on 

considerable evidence, to be organs for the excretion of uric acid 

or urates, Imt it is not known how they are emptied. Marchal 

has stated “ that he has seen the Malpighian tubes, on extrac¬ 

tion from the l)ody, undergo worm-like movements; he suggests 

that their contents may be expelled by similar movements when 

they are in the body. 
The functions of the different portions of the alimentary 

canal, and the extent to which the ingested food is acted on b}" 

their mechanical structures or their products is very obscure, and 

different opinions prevail on important points. It would appear 

that the saliva exercises a preparatory action on the food, and 

that the alisorption of the nutritive matter into the liody cavity 

takes place chiefiy from the true stomach, while the Malpighian 

tubes perform an excretory function. Beyond tliese elementary, 

though but vaguely ascertained facts, little is known, though 

Blateau’s ^ and Jousset’s researches on the digestion of Insects 

throw some light on the sulject. 

1 For a review of their number see Wheeler, Psyche, vi. 1893, pp. 457, etc. 

- Ann. Soc. Eni. France, Ixi. 1892, Bull. p. cclvi. 

® Mem. Ac. Belgique (2), xli. 1875, and Bull. Ac. Belgique (2), .xliv. 1877, 

p. 710. 
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Respiratory Organs. 

The respiration of Insects is carried on by means of a system 

of vessels for the conveyance of air to all parts of the body; this 

system is most remarkably developed and elaborate, and contrasts 

strongly with the mechanism for the circulation of the blood, 

which is as much reduced as the air system is highly developed, 

as well as with the arrangement that exists in the Vertebrates. 

There are in Insects no lungs, but air is carried to every part of 

the body directly by means of tracheae. These tracheae con¬ 

nect with the spiracles—the orifices at the sides of the body 

we have already mentioned when describing the external struc¬ 

tures — and the air thus finds its way into the most remote 

recesses of the Insect’s body, ^^he tracheae are all intimately 

connected. Large tubes connect the spiracles longitudinally, 

others pass from side to side of the body, and a set of tracheae 

for the lower part of the body is connected with another 

set on the upper surface by means of several descending 

tubes. From these main channels smaller branches extend in all 

directions, forking and giving off twigs, so that all the organs 

inside the body can be supplied with air in the most liberal 

manner. On opening a freshly deceased Insect the abundance of 

the tracheae is one of the peculiarities that' most attracts the 

attention; and as these tubes have a peculiar white glistening 

appearance, they are recognised without difficulty. In Insects 

of active flight, possibly in some that are more passive, though 

never in larvae, there are air-sacs, of more than one kind, con¬ 

nected with the tracheae, and these are sufficiently capacious to 

have a considerable effect in diminishing the specific gravity of 

the Insect. The most usual situation for these sacs is the basal 

portion of the aljdoniinal cavity, on the great lateral tracheal 

conduits. In speaking of the external structure we have remarked 

that the stigmata, or spiracles, by which the air is admitted 

are very various in their size and in the manner in which thev 

open and close. Some spiracles have no power of opening ; while 

(jthers are provided with a muscular and valvular apparatus for 

the purpose of opening and closing effectually. 

The structure of the tracheae is remarkalfle : they are elasti(_- 

and consist ot an outer cellular, and an inner chitinous laver; 

this latter is strengthened by a peculiar spiral filu’e, which gives 
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to the tubes, when examined with the microscope, a transversely, 

closely striated appearance. Packard considers ^ that in some 

tracheae this liljre is not really spiral, Init consists of a large nnm- 

her of closely placed rings. Such a condition has not, however, 

lieen recorded by any other observer. The spiral fibre is absent 

in the fine capillary twigs of the tracheal system, as well as from 

the expanded sacs. The mode of termination of the capillary 

liranches is not clear. Some have supposed that the finest twigs 

apustomosa with others; on the other hand it has been said that 

they terminate by penetrating cells, or that they simply come 

to an end with either open cr closed extremities. Wisting- 

Fig. 71.—Portion of the ahdominal part of tracheal system of a Locust {Ocdipoda): 
a, spiracular orifices ; b, tracheal tubes ; c, vesicular dilatations ; d, tracheal twigs 

or capillaries. (After Dufour.) 

hausen” states that in the silk-glands the tracheal twigs anas¬ 

tomose, and he is of opinion that the fine terminal portions 

contain fluid. However this may he, it is certain that all the 

organs are abundantly supplied with a capillary tracheal net¬ 

work, or arboreal ramification, and that in some cases the tulies 

enter the substance of tissues. Hear their terminations tliey 

are said to be gL to Jq- millimetre in diameter. 
We must repeat that such a system as we have just sketched 

forms a striking contrast to the imperfect Idood-vascular system, 

and that Insects differ profoundly in these respects from Yerte- 

hrate animals. In the latter the blood-vessels penetrate to all 

^ American Naturalist, xx. 1886, pp. 438 and 558. 

2 Zeitschr. wiss. Zool., xlix. 1890, p, 565. 
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the tissues and form capillaries, while the aerating apparatus is 

confined to one part of the body; in Insects the blood-circulating 

system is very limited, and air is carried directly by complex 

vessels to all parts; thus the tracheal system is universally recog-i 

nised as one of the most remarkable of the characters of Insects.'! 

]\Iany Insects have a very active respiratory system, as is shown 

by the rapidity with which tliey are affected Ijy agents like 

chloroform; but the exact manner in which the breathing is 

carried on is \mknown. In living Insects rapid movements of 

contraction and expansion of parts of the Ijody, chiefly the 

abdomen, may be observed, and these body contractions are some¬ 

times accompanied by opening and shutting the spiracular 

orifices: it has been inferred that these phenomena are respira¬ 

tory. Althoiigh such movements are not ahvays present, it is 

possible that when they occur they may force the air onw'ards 

to the tissues, though this is by no means certain. It is clear 

that the tracheal system is the usual means of supplying the 

organisation with oxyge^ but it appears to be improbable that 

it can also act as the agent for removing the carbonaceous pro¬ 

ducts of tissue-changes. It has been thought possible that car¬ 

bonic acid might reach the spiracles from the remote capillaries 

by a process of diffusion,^ but it should be recollected that as 

some Insects have no tracheal system, there must exist some 

other mode of eliminating carbonic acid, and it is possible that 

this mode may continue to operate as an important agent of 

purification, even wdien the tracheal system is, as a bearer of air 

to the tissues, highly developed. Eisig' has suggested that the 

formation of chitin is an act of excretion; if so this is capable 

of relieving the system of carbonic acid to some extent. Others 

have maintained that transpiration takes place through the deli¬ 

cate portions of the integument. Lubbock ^ has showm that 

]\Ielolontha larvae breathe “ partly by means of their skin.” 

The mode in which the carbon of tissue-change, and the 

nitrogen of inspiration are removed, is still obscure; but it 

appears probalde that the views expressed by Eeaumur, Lyonnet, 

and Lowne ^ as to inspiration and expiration may prove to be 

nearer the truth than those which are more widely current. In 

^ See Sliall and Deniij-, Cockroach, ji. 158. 

- Eisig, Mon. Cajnlelliden, 1887, p. 781. 

^ Tr. Linn. Soc. London Zool. xxiii. 1860, p. 29. * Blowfly, etc. p. 376. 
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connexion with tins it should be recollected that the outer 

integument consists of chitin, and is cast and renewed several 

times during the life of the individual. Now as chitin consists 

largely of carbon and nitrogen, it is evident that the moultino- 

must itself serve as a carbonaceous and nitrogenous excretion 

11, as IS suggested by Bataillon’s researches/ the condition 

accompanying metamorphosis be that of asphvxia, it is probable 
that the secretion of the new coat of chitin may figure as an 

act of excretion of considerable importance. If there be any 

truth in this suggestion it may prove the means of enablino- us 

to comprehend some points in the development of Insects that 
have hitherto proved very perplexino-. 

Peyron has shown ^ that the atmosphere extracted from the 
bodies of Insects {Mdolontlia) is much less rich in oxygen than 

the surrounding atmosphere is, and at ordinary temperatures 

always contains a much larger proportion of carbonic acid • he 

finds, too, that as in the leaves with which he makes a comparison, 

the proportion of oxygen augments as the protoplasmic activity 

diminishes. Were such an observation carried out so as to dis¬ 

tinguish between the air in the tracheal system and the gas in 

other^parts of the body the result woidcl be still more interesting. 

e know very little as to the animal heat produced by 

insects, but it is clear from various observations^ that the 

amount evolved in repose is very small. In different conditions 

of activity the temperature of the insect may rise to be several 

degrees above that of the surrounding medium, but there seems 

to be at present no information as to the physiological mode of 

its pioduction, and as to the channel by which the products_ 

whether carbonic acid or other matters—may be disposed of. 

In the order Aptera (Thysanura and Collembola) the tracheal 

system is highly peculiar. In some Collembola it apparently 

does not exist, and in this case we may presume with greater 

certainty that transpiration of gases occurs through the integu¬ 

ment ; in other members of this Order tracheae are present in a 

more ot less imperfect state of development, but the tracheae 

of different segments do not communicate with one another, 

C. R. Ac. Sci., cxv. 1892, p. 61, and RuU. Sci. France Belgique, xxv. 1893, 

' Compi. rend. Ac. Paris, cii. 1886, p. 1339. 

8 See Newport, Phil. Tracis. 1837, and Lubbock Linn. Trans, xxiii, 
p. 29, etc. 

1860, 
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thus forming a remarkal)le contrast to the amalgamated tracheal 

system of the other Orders of Insects, where, even when the 

tracheal system is much reduced in extent (as in Coccidae), it is 

nevertheless completely unitied. Gryllotalpa is, however, said 

by Dohrn ^ to he exceptional in this respect; the tracheae con¬ 

nected with each spiracle remaining unconnected. 

Water Insects have usually peculiarities in their respiratory 

systems, though these are not so great as might a ])riori have 

been anticipated. Some lireathe by coming to the surface and 

taking in a supply of air in various manners, hut some appar¬ 

ently obtain from the waiter itself the air necessary for their 

physiological processes. Aquatic Insects are frequently provided 

with gills, which may he either wing-like expansions of the 

integument containing some tracheae (Ephemeridae larvae), or 

bunches of tulies, or single tubes (Trichoptera larvae). Such 

Insects may either possess stigmata in addition to the gills, or 

Ije destitute of them. In other cases air is obtained by taking- 

water into the posterior part of the alimentary canal (many 

dragon-flies), which part is then provided with special tracheae. 

Some water-larvae appear to possess neither stigmata nor gills 

(certain Perlidae and Diptera), and it is supposed that these 

obtain air through the integument; in such Insects tracheal 

twigs may frequently he seen on the interior of the skin. In 

the imago state it is the rule that Water Insects breathe by 

means of stigmata, and that they carry about with them a supply 

of air sufflcient for a longer or shorter period. A great many 

Insects that live in Avater in their earlier stages and Iireathe 
O 

there by peculiar means, in their perfect imago state liA'e in the 

air and breathe in the usual manner. There are, in both ter¬ 

restrial and aquatic Insects, a few cases of exsertile sacs wdthout 

tracheae, l)ut tilled with blood (Felohins larva, JIachilis, etc.); and 

such organs are supposed to he of a respiratory nature, though 

there dues not appear to he any positive evidence to that effect. 

Blood and Blood-Circulation. 

Owing to the great complexity of the tracheal system, and to 

its general diffusion in the laxly, the blood and its circulation are 

very different in Insects from what they are in Vertebrates, so 

^ Zeitschr. wiss. Zool. xxvi. 1876, p. 137. 
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that it is scarcely conducive to the progress of physiological 

knowledge to call two fluids with such different functions by one 

name. The blood of Insects varies according to the species, and 

in all probability even in conformity with the stage of the life 

of the individual. Its primary office is that of feeding the 

tissues it bathes, and it cannot lie considered as having any aerat¬ 

ing function. It is frequently crowded with fatty substances. 

Graber says : “ The richness of Insect blood in unsaponified or 

unelaborated fat shows in the plainest manner that it is more 

properly a mixture of blood and chyle; or indeed we might say 

with greater accuracy, leaving out of consideration certain 

matters to be eliminated from it, that it is a refined or distilled 

chyle.” Connected in the most intimate manner with the blood 

there is a large cpiantity of material called vaguely the fat- 

body ; the blood and its adjuncts of this kind being called 

liy 'Wielowiejski ^ the blood-tissue. "We shall return to the 

consideration of this tissue after sketching the a]:)paratus for 

distributing the refined chyle, or blood as we must, using the 

ordinary term, call it. 

There is in Insects no complete system of blood-vessels, though 

there is a pulsating vessel to ensure distribution of the nutritive 

fluid. This dorsal vessel, or heart as it is frequently called, may 

be distinguished and its pulsations watched, in transparent 

Insects when alive. It is situate at the upper part of the 

body, extending from the posterior extremity, or near it, to the 

head or thorax, and is an elongate tube, consisting as it were of 

a number of united chambers; it is closed l^ehind, except in 

some larvae, but is open in front, and has several orifices at the 

sides; these orifices, or ostia, are frequently absent from the 

front part of the tube, which portion is also narrower, being 

called the aorta—by no means a suitable term. Hear the lateral 

orifices there are delicate folds, which act to some extent as 

valves, facilitating, in conjunction with the mode of contraction 

of the vessel, a forward movement of the blood. The composition 

of the tube, or series of chambers, is that of a muscidar layer, 

with internal and external membranous coverings, the intima and 

adventitia. Olga Poletajewa states" that in Bovihus the dorsal 

vessel consists of five chambers placed in longitudinal succession, 

and not very intimately connected, and that there is but little 

^ Zeitschr. wiss. Zool. xliii. 1886, p. 512. * Zool. Anz. ix. 1886, p. 13. 
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valvular structure. In Cimhex she finds a similar arrangement, 
but there are ten chaml)ers, and no aorta. 

The dorsal vessel is connected with the roof of the l)ody by 
some short muscles, and is usually much surrounded liy fat-body 
into which tracheae penetrate; by these various means it is kept 
in position, though only loosely attached; Ijeneath it there is 
a delicate, incomplete or fenestrate, membrane, delimiting a sort 
of space called the pericardial chamber or sinus ; connected with 
this membrane are some very delicate muscles, the alary muscles, 
extending inwards from the body wall (h, Fig. 72): the curtain 
formed by these muscles and the fenestrate membrane is called 

Fig. 72.—Dorsal vessel 
(c), and alary muscles 
(6),of Gryllotalpa(si.Hvv 
Graber) ; a, aorta. 
N.B. — The ventral 
aspect is here dorsal, 
and nearly the whole 
of the body is removed 
to show these jiarts. 

Fig. 73.—Diagram of transver.se section 
of pericardial sinus of Oedijioda coeru- 
lescens. (After Graber, Arch. Jlikr. 
Anat. ix.) H, heart ; .s, septum ; m, 
muscles—the upper suspensory, the 
lower alary. 

the pericardial diaphragm or septum. The alary muscles are 
not directly connected with the heart. 

It has been thought by some that delicate vessels exist beyond 
the aorta through which tlie fluid is distributed in definite 
channels, but this does not appear to be really the case, although 
the fluid may freipiently be seen to move in definite lines at some 
distance from the heart. • 

There is still much uncertainty as to some of the details of 
the action of the heart, and more especially as to the influence of 
the alaiy muscles. The effect of the contraction of these must 
be to increase the area of the pericardial chamber by rendering 
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its floor or septum less arched, as shown in our diagram (Fig. 73), 

representing a transverse section through the pericardial chamber, 

H being the dorsal vessel with m its suspensory muscles, and s its 

septum, with ?«, the alary muscles. The contraction of these latter 

would draw the septum into the position of the dotted line, thus 

increasing the area of the sinus above ; but as this floor or septum 

is a fenestrated structure, its contraction allows fluid to pass 

through it to the chamber above; thus this arrangement may 

be looked on as a means of keeping up a supply of fluid to the 

dorsal vessel, the perforated septum, when it contracts, exerting 

pressure on the tissues below; these are saturated with fluid, 

which passes through the apertures to the enlarged pericardial 

chamber. 

Some misconception has prevailed, too, as to the function of 

the pericardial chamber. This space frequently contains a large 

quantity of fat-body—pericardial tissue—together with tracheae, 

and this has given rise to the idea that it might be lung-like 

in function; l:)ut, as Miall and Denny ^ have pointed out, this is 

erroneous; the tissues in Insects have their own ample sup¬ 

plies of air. It has also been supposed that the alary muscles 

cause the contraction of the heart, hut this is not directly the 

case, for they are not attached to it, and it pulsates after they 

have been severed. It has been suggested that the contractions 

of this vessel are regulated by small ganglia placed on, or in, its 

substance. However this may be, these contractions vary enor¬ 

mously according to the condition of the Insect •, they may be 

as many, it is said, as 100 or inoi’e in a minute, or they may be 

very slow and feeble, if not altogether absent, without the death 

of the Insect ensuing. 
The expulsion of the blood from the front of the dorsal 

ATSsel seems to be due to the rhythm of the contrac¬ 

tion of the vessel as well as to its mechanical structure. 

Bataillon says,^ confirming an observation of Keaumur, that at 

the period when tlie silkworm is about to change to the chrysalis 

condition, the circulation undergoes periodical changes, the fluid 

niovino' during some intervals ot about ten minutes’ duration in 
^ O 

a reversed direction, while at other times the blood is expelled 

in front and backwards simultaneously, owing apparently to a 

rhythmical change in the mode of contraction of the dorsal vessel. 

1 Cockroach, p. 140. " Bull. Sci. France Belgique, xxv. 1893, p. 22. 
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As the dorsal vessel consists of a number of distinct chambers, 

it has been suggested that there is normally one of these for 

each segment of the body; and it appears that the total number 

is sometimes thirteen, which is frequently that of the segments 

of the body without the liead. The number of chambers differs, 

however, greatly, as we have previously stated, and cannot be 

considered to support the idea of an original segmental arrange¬ 

ment of the chambers. The dorsal vessel, though in the adult a 

single organ, arises in the embryo from two lateral, widely 

separated parts which only in a subsequent stage of the embry¬ 

onic development coalesce in the median line. 

Fat-Body. 

In discussing the tracheae we remarked on the importance of 

their function and on their abundant presence in the body. 

Equally conspicuous, and perhaps scarcely less important in func¬ 

tion, is the fat-l)ody, which on 03)ening some Insects, especially 

such as are in the larval stage, at once attracts attention. It 

consists of masses of various size and indefinite form distributed 

throughout the body, loosely connected together, and more or 

less sm’roimding and concealing the different organs. The colour 

varies according to the species of Insect. This fat-body is much 

connected with fine tracheal twigs, so that an organisation extend¬ 

ing throughout the body is thus formed. It may be looked on as 

a store of nutritious inoTter which may be added to or drawn 

on with great rapidity; and it is no doul)t on this that many of 

the internal parasites, so common in the earlier stages of Insects’ 

lives, subsist before attacking the more permanent tissues of their 

hosts. There is some reason to suppose that the fat-body may 

have some potency in determining the hunger of the Insect, for 

some parasitised larvae eat incessantly. 

The matter extracted from the food taken into the stomach 

of the Insect, after undergoing some elaboration—on which point 

very little is known—finds its way into the body-cavity of the 

creature, and as it is not confined in any special vessels the fat- 

body has as imlimited a supply of the nutritive fluid as the 

other organs: if nutriment be present in much greater quantity 

than is recpiired for the purposes of immediate activity, meta¬ 

morphosis or reproduction, it is no doubt taken up by the fat- 
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body whic’h thus maintains, as it were, an independent feeble life, 

subject to the demands of the higher parts of the organisation. 

It undoubtedly is very important in metamorphosis, indeed it 

is possible that one of the advantages of the larval state may be 

found in the fact that it facilitates, by means of the fat-body, 

the storage in the organisation of large quantities of material 

in a comparatively short period of time. 

A considerable quantity of fat tissue is found in the peri¬ 

cardial sinus, where it is frecpiently of somewhat peculiar form, and 

is spoken of as pericardial cells, or pericardial tissue. Some large 

cells, frequently of pale yellow colour, and containing no fat, are 

called oenocytes by Wielowiejski. They are connected with the 

general fat-body, but are not entirely mingled with it; seA'eral 

kinds liaAT been already distinguished, and they are probably 

generally present. The phagocytes, or leucocytes, the cells that 

institute the process of histolysis in the metamorphosis of 

Muscidae, are a form of blood cell; though these cells are 

amoeboid some writers derive them from the fat-body. The 

cells in the blood have no doubt generally an intimate re¬ 

lation with the fat-body, but very little accurate information has 

lieen obtained as to these important physiological points, though 

Graber has inaugurated their study.^ 

Organs of Sex. 

The continuation of the species is effected in Insects by means 

of two sexes, each endowed with special reproductive organs. It 

has been stated that there are three sexes in some Insects-—male, 

female, and neuter; but this is not correct, as the so-called 

neuters are truly sexed individuals,—generally females,—though, 

as a rule, they are not occupied with the direct physiological 

processes for continuing the species. 

The offspring is usually produced in the shape of eggs, which 

are formed in ovaries. These organs consist of egg-tubes, a cluster 

of Avhich is placed on each side of the body, and is suspended, 

according to Leydig' and others, to the tissue connected with 

the heart by means of the thread-like terminations of the tubes. 

The number of egg-tubes varies greatly in different Insects; 

there may be only one to each ovary {Camj)odecC), but usually the 

^ Ada. Ac. German, xxxiii. 1867, No. 2. 1 Biol. Centralhl. xi. 1891, p. 212. 
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number is greater, and in the queen-ljee it is increased to about 

180. In the Queens of the Terniitidae, or white ants, the ovaries 

take on an extraordinary develo})inent; they hll the whole of the 

greatly distended hind-body. Three thousand egg-tubes, each con¬ 

taining many hundred eggs, may be found in a Queen Termite, so 

that, as has been said liy Hagen,^ an offspring of millions in number 

is probable. There is considerable variety in the arrangements 

for the growth of the eggs in the egg-tubes. Speaking concisely, 

the tubes may be considered to Ije 

centres of attraction for nutritive 

material, of which they frequently 

contain considerable stores. Kext 

to the terminal thread, of which we 

have already spoken, there is a 

greater or smaller enlargement of 

the tube, called the terminal cham¬ 

ber ; and there may also be nutri¬ 

ment chambers, in addition to the 

dilatations which form the eo-w-cham- 
OO 

hers proper. Ivorschelt ^ distinguishes 

three principal forms of egg-tul)es, viz. 

(1) there are no special nutriment 

chambers, a condition shown in Figure 

74; (2) nutriment chambers alter¬ 

nate with the egg-chambers, as shown 

in our Figure of an egg - tube of 

Fig. 74.—Sex organs of female of I^i/tiscus viarginalis ; (3) the ter- 
Scoiiainterniptai^a.itn'pniom-)iniiial chamber takes on an unusual 

poison glands; d, duct of acces- development, acting as a large nutri- 
sory gland (or spennatheca); e, ^^gnt chamber, there being no other 
external terminal parts of body. ^ ^ 

special nutriment chandlers. This 

condition is found in Rhizotrogus solstitialis. The arrangements 

as to successive or simultaneous production of the eggs in the 

tubes seem to differ in different Insects. In some forms, such as 

the white ants, the process of egg-formation (oogenesis) attains a 

rapidity that is almost incredilde, and is continued, it is said, for 

periods of many months. There is no point in which Insects 

differ more thaij. in that of the numlier of eggs produced by one 

^ Linnaca entomologica, xii. 1858, p. 313. 

^ Zcitschr. wiss. Zool. 1886, xliii. p. 539. 
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arraiigeineuts of 

female. The egg-tubes are connected with a duct for the con¬ 

veyance of the eggs to the exterior, and the 

the tubes with regard to the oviduct also varv 

much. An interesting condition is found in 

Machilis (see Tig., 94, p. 188), where the seven 

egg - tubes are not arranged in a hunch, hut 

open at a distance from one another into the 

elongated duct. The two oviducts usually unite 

into one chamber, called the azygos portion or 

the uterus, near their termination. There are a 

few Insects (Ephemeridae) in which the two ovi¬ 

ducts do not unite, but have a pair of orifices at 

the extremity of the body. Hatchett-Jackson 

has recently shown ^ that in Vanessa io of the 

Order Lepidoptera, the paired larval oviducts are 

solid, and are fixed ventrally so as to represent 

an Ephemeridean stage; that the azygos system 

of ducts and appended structures develop separ¬ 

ately from the original oviducts, and that they 

pass through stages represented in other Orders 

of Insects to the stage peculiar to the Lepi¬ 

doptera. Machilis, according to Oudemans, is a 

complete connecting link between the Insects 

with single and those with paired orifices. 

There are in different Insects more than one 

kind of diverticula and accessory glands in con¬ 

nexion with the oviducts or uterus; a recepta- 

culum seminis, also called spermatheca, is common. 

In the Lepidoptera there is added a remarkalde 

structure, the bursa copulatrix, which is a pouch 

connected by a tubular isthmus with the common 

portion of the oviduct, but having at the same time a separate 

external orifice, so tliat there are two sexual orifices, the opening 

of the bursa copulatrix being the lower or more anterior. The 

organ called by Dufour in his various contributions glands sdbijique, 

is now considered to be, in some cases at any rate, a spermatheca. 

The special functions of the accessory glands are still very 

obscure. 
The ovaries of the female are replaced in the male by a pair 

1 Tr. Linn. Soe. London, gnd ser. ; Zool. v. 1890, p. 173. 

Fig. 75.—Egg-tube 
of Dytiscus mar- 
ginalis ; e.c, egg- 
chamber ; n.c, 
nutriment cham¬ 
ber ; t.c, terminal 
chamber ; t.t, 
terminal thread. 
(After Kor- 
schelt.) 
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of testes, organs exhibiting innch variety of form. The structure 

may consist of an extremely long and fine convoluted tube, packed 

into a small space and covered with a-caps\ile; or there may be 

several shorter tubes. As another extreme may be mentioned the 

existence of a number of small follicles opening into a common 

tube, several of these small l)odies forming together a testis. As 

a nde each testis has its own capsule, but cases occur—very 

frecpiently in the Lepidoptera—in which the two testes are 

enclo.sed in a common capsule; so that there tlien appears to lie 

only one testis. The secretion of eacli testis is conveyed out¬ 

wards by means of a slender tul^e, the vas deferens, and there are 

always two such tubes, even wlien the two testes are jjlaced 

in one capsule. The vasa deferentia differ greatly in their 

length in different Insects, and are in some cases many times the 

length of the body; they open into a common duct, the ductus 

Usually at some part of the vas deferens there 

exists a reservoir in the form of a sac or dilata¬ 

tion, called the vesicula seminalis. There are 

in the male, as well as in the female, frecjuently 

diverticula, or glands, in connexion with the 

sexual passages; these sometimes exhibit very 

remarkable forms, as in the common cockroach, 

but their functions are c[uite obscure. There 

is, as we have already remarked, extreme variety 

in the details of the structure of the internal 

reproductive apparatus in the male, and there are 

a few cases in which the vasa deferentia do not 

unite behind, but terminate in a pair of separate 

orifices. The genus Madiilis is as remarkable in 

the form of the sexual glands and ducts of the 

male as we haA^e already mentioned it to l)e in 

the corresponding pc.rts of the female. 

Although the internal sexual organs are only 

fully developed in the imago or terminal stage 

of the individual life, yet in reality their rudi¬ 

ments appear very early, and may lie detected 

from the embryo state onwards throimh the 
other preparatory stages. 

The spermatozoa of a considerable niimber of 
Insects, e.specially of Coleoptera, have been examined by Ballo- 

ejaculatorius. 

Fiq. 76.—Tenthredo 
cincta. a, a, 
testes ; h, b, vasa 
deferentia ; r, c, 
vesicul® seniin- 
.'des ; d, extrem¬ 
ity of Ijody wiUi 
copiilatory ar¬ 
mature. (After 
Dufuur.) 
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witz;^ they exhibit great variety; usually they are of extremely 

elongate form, thread-like, with curious sagittate or simply 

pointed heads, and are of a fibrillar structure, breaking up at 

various parts into finer threads. 

External Sexual Organs.—The terminal segments of the 
body are usually very highly modified in connexion with the 

external sexual organs, and this modification occurs in such a 

great variety of forms as to render it impossible to give any general 

account thereof, or of the organs themselves. Some of these 

segments—or parts of the segments, for it may be dorsal plates 

or ventral plates, or both—may be withdrawn into the interior, 

and changed in shape, or may be doubled over, so that the 

true termination of the body may be concealed. The com¬ 

parative anatomy of all these parts is especially complex in 

the males, and has been as yet but little elucidated, and as the 

various terms made use of by descriptive entomologists are of 

an unsatisfactory nature we may be excused from enumerat¬ 

ing them. We may, however, mention that when a terminal 

chamber is found, with which both the alimentary canal and the 

.sexual organs are connected, it is called a cloaca, as in other 

animals. 

Parthenogenesis. 

There are undoubted cases in Insects of the occurrence of 

parthenogenesis, that is, the production of young by a female 

without concurrence of a male. This phenomenon is usually 

limited to a small numiDer of generations, as in the case of the 

Aphididae, or even to a single generation, as occurs in the alterna¬ 

tion of generations of many Cynipidae, a parthenogenetic alter¬ 

nating with a .sexual generation. There are, however, a lew 

species of Insects of which no male is known (in Tenthredinidae, 

Cynipidae, Coccidae), and these must be looked on as perpetually 

parthenogenetic. It is a curious fact that the result ol partheno¬ 

genesis in some species is tlie production ol only one sex, which 

in some Insects is female, in others nude ; the phenomenon in the 

former case is called by Taschenberg" Thelyotoky, in the latter 

case Arrhenotokv; lieuterotoky being applied to the eases in 

which two sexes are produced. In some forms of partheno- 

^ Zcitschr. wiss. Zool. 1. 1890, p. 317. ^ Ahli, Gcs, Hctllc, xv\\. 1892, p. 365. 
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genesis the young are produced alive instead of in the form of 

eggs. A very rare kind of parthenogenesis, called paedogenesis, 

has been found to exist in two or three species of Diptera, 

young being produced by the immature Insect, either larva or 

pupa. 

Glands. 

Insects are provided with a variety of glands, some of 

which we have alluded to in describing the alimentary canal 

and the organs of sex; hut in addition to these there are others 

in connexion with the outer integument; they may be either 

single cells, as described by Miall in Dicranota larva,^ or groups 

of cells, isolated in tubes, or pouches. The minute structure 

of Insect glands has been to some extent described by Leydig; ^ 

they appear to he essentially of a simple natirre, but their special 

functions are very problematic, it being difficult to obtain 

sufficient of their products for satisfactory examination. 

^ Tr. Ent. Soc. London, 1893, p. 241. ^ Arch. Anat. Phys. 1855 and 1859. 
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development 

EMBEYOLOGY—EGGS—MICROPYLES—FOEMATION OF EMBRYO—VEN¬ 
TRAL PLATE—ECTODERM AND ENDODERM-SEGMENTATION- 

LATER STAGES—DIRECT OBSERVATION OF EMBRYO—METAMOR¬ 

PHOSIS COMPLETE AND INCOMPLETE-INSTAR-HYPERMETA¬ 

MORPHOSIS—METAMORPHOSIS OF INTERNAL ORGANS—INTEGU¬ 

MENT METAMORPHOSIS OF BLOWFLY—HISTOLYSIS—IMAGINAL 

DISCS PHYSIOLOGY OF METAMORPHOSIS-ECDYSIS. 

The processes for the maintenance of the life of the individual 

are m Insects ol less proportional importance in comparison with 

those for the maintenance of the species than they are in Yerte 

brates. The generations of Insects are numerous, and the in- 

rniduals produced in each generation are still more profuse. 

le individuals have as a rule only a short life ; several successive 

generations may indeed make their appearances and disappear 
in the course of a single year. 

Although eggs are laid by the great majority of Insects, a 

ew species nevertheless increase their numbers by the production 

o iving young, in a shape more or less closely similar to that 

of the j^arent. This is well known to take place in the Aphi- 

didae or green-fly Insects, whose rapid increase in numbers is 

such a plague to the farmer and gardener. These and some other 

cases are, however, exceptional, and only emphasise the fact that 

Insects are pre-eminently oviparous. Leydig, indeed, has found 

in the same AiiUs, and even in the same ovary, an egg-tube 

producing eggs while a neighbouring tube is producing*’vivi¬ 

parous individuals.! In the Diptera pupipara the young are 

’ Ada. Ac. German, xxxiii. 1867, No. 2, p. 81. 
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produced one at a time, and are liorii in the pupal stage of their 

development, the earlier larval state Ijeing undergone in the 

body of tlie parent: thus a single large egg is laid, which is 

really a pupa. 

The eggs are i;sually of rather large size in comparison witli 

the parent, and are produced in numbers vaiying according to 

the species from a few—15 or even less in some fossorial 

Hymenoptera—to many thousands in the social Insects : some¬ 

where between 50 and 100 may perhaps l)e taken as an 

average number for one female to produce. The whole number 

is frequently deposited with rapidity, and the parent then dies 

at once. Some of the migratory locusts are known to deposit 

hatches of eggs after consideraljle intervals of time and change 

of locality. The social Insects present extraordinary anomalies 

as to the production of the eggs and the prolongation of the life 

of the female parent, who is in such cases called a queen. 

The living matter contained in tlie egg of an Insect is 

protected by three external coats; (1) a delicate interior oolemm ; 

^ (2) a stronger, usually shell-like, covering 

called the chorion ; (3) a layer of material 

added to the exterior of the from 

glands, at or near the time when it is 

deposited, and of very various character, 
_ - ^fox'2niiio- a coat on each e"ir 

o oo 

covering or 

, o- 
The etrg- 

and sometimes a common 

capsule for a number of eggs, 

shell proper, or chorion, is frequently 

Fig. 77.-U,ier or micro- Covered ill whole or part with a coiiq.lex 
pylar aspect of egg of minute Sculpture, of a symmetrical cliar- 
Vanessa cardui. (After , ■ .... 
Scudder.) acter, and in some cases this is very 

highly developed, forming an ornamenta¬ 

tion of much delicacy; hence some Insects’ eggs are olijects of 

admiralile a])pearance, though the microscope is of course necessary 

to reveal their charms. One of the families of luitterllies, the 

Lycaenidae, is remarkalile for the complex forms displayed by the 

ornamentation of the chorion (see Fig. 78, B). 

Tlie egg-shell at one pole of the egg is perforated by one or 

more minute orifices for the admission to the interior of the 

spermatozoon, and it is the rule that the shell hereabouts is 

symmetrically sculptured (see Fig. 77), even when it is unorna- 
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iiieiited elsewhere : the apertures in question are called inicro- 

pjdes. They are sometimes protected by a micropyle apparatus, 

consisting of raised processes, or porches; these are developed 

to an extraordinary extent in some eggs, especially in those of 

Fio. 78.—Eggs of In¬ 
sects : A, blowHy 
(after Henking) ; B, 
butterfly, Theda 
(after Sciulder) ; C, 
Hemipteroii (Redu- 
viid). 

Hemiptera-Heteroptera (see Fig. V8, C). Some of these peculiar 

structures have been described and figured by Leuckart.^ The 

purpose they serve is quite obscure. 

Formation of Embryo. 

The mature, but unfertilised, egg is filled with matter that 

should ultimately become the future individual, and in the 

process of attaining this end is the seat of a most remarkable 

series of changes, which in some Insects are passed through with 

extreme rapidity. The egg-contents consist of a comparatively 

structureless matrix of a protoplasmic nature and of yolk, both 

of which are distributed throughout the egg in an approximately 

even manner. Tlie yolk, however, is by no means of a simple 

nature, but consists, even in a single egg, of two or three kinds 

of spherular or granular constituents; and these vary much in, their 

appearance and arrangement in the early stages of the develop¬ 

ment of an egg, the yolk of the same egg being either of a homo¬ 

geneously granular nature, or consisting of granules and larger 

masses, as well as of particles, of fatty matter; these latter when 

seen through the microscope looking sometimes like shining, 

nearly colourless, globules. The nature of the matrix—which term 

we may apply to both the protoplasm and yolk as distinguished 

’ Muller’s Arch. Anat. Phys. 1855, p. 90. 

VOL. Y L 



146 EMBRYOLOGY CHAP 

from the minute formative portions of the egg—and the changes 

that take place in it have been to some extent studied, and 

Kowalewsky, f)(drrn,^ "W/jodwortlp^ and others have given some 

particulars almut them. The early changes in the formatiA’e 

parts of the mature egg have been oljserved by Henking in 

several Insects, and particularly in Fyrrhocoris, his observations 

heim; of consideralde interest. When the eg" is in the 

ovary and before it is quite mature,—at the time, in fact, 

when it is receiving nutriment from ovarian cells,—it contains 

a germinal vesicle including a germinal spot, hut when the 

egg is mature the germinal vesicle has disappeared, and there 

exists in its place at one portion of the periphery of the egg- 

contents a cluster of minute bodies called chromosomes by Heidving, 

whom we shall follow in hriedy de.scrihing their changes. The 

group divides into two, each of 

which is arranged in a rod or 

spindle - like manner, and may 

then he called a directive rod 

or spindle. The outer of these 

two groups travels quite to the 

periphery of the egg, and there 

with some adjacent matter is 

extruded qiiite outside the egg- 

contents (not outside the egg- 

coverings), being in its aug¬ 

mented form called a polar or 

directive body. While this is 

going on the second directive 

spindle itself divides into two 

groups, the outer of which is 

then extruded in the manner 

we have already described in 

Fig. 79.—Showing the two extruded polar 
bodies Pi, Po now nearly fused and re- ' ‘ 
included, and the formation of the g 
spindle by junction of the male and Ii 
female pronuclei. (After Henking.) 

the case of the first polar body, thus completing the extrusion of 

two directive bodies. The essential parts of the bodies that 

are successively formed during these processes are the aggregates, 

called chromosomes; the number of these chromosomes appears 

to he constant in each species; their movements and dispositions 

are ot a very interesting character, the systems they form in 

^ Zcitschr. wiss. Zool. .xxvi. 1S76, p. 115. 

- Scinldei-, Butterflies of Nno England, i. 1889, p. 99. 
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the course of their development having polar and erpiatorial 

ari-angements. These we cannot further allude to, but may 

mention that the extrusion of the directive liodies is only 

temporary, they being again included within the periphery of the 

egg by the growth and extension of adjacent parts which meet 

over and thus enclose tlie bodies. 

The arrangements and movements we have briefly alladed to 

have been limited to the unfertilised condition of the egg (we 

should rather say, the fertilising element has taken no part in 

them), and have as their result the \mion of the chromosomes 

existing after the extrusion of tlie two polar bodies, into a small 

body called the female pronucleus or egg-nucleus (Eikern), while 

the position of the movements has been an extremely minute 

portion of the egg near to its outer surface or periphery. The 

introduction of a sperm, or male, element to the egg throiigh 

the micropyle gives rise to the formation of another minute l)ody 

placed more in the interior of the egg, and called • the sperm- 

nucleus. The egg-nucleus, travelling more into the interior of 

the egg, meets the sperm-nucleus; the two amalgamate, forming 

a nucleus or body that goes through a series of changes resulting 

ip its division into two daughter-bodies. These two again divide, 

and by repetitions of siich division a large number of nuclei 

are formed which become arranged in a continuous manner so 

as to form an envelope enclosing a consideralfle part (if not 

quite the whole) of the egg-mass. This envelope is called the 

blastoderm, and together with its contents will form the embryo. 

AVe must merely allude to the fact that it has been considered 

that some of the nuclei forming the blastoderm arise directly 

from the egg-mass by a process of amalgamation, and if this 

prove to l»e correct it may be admitted that some portions of 

the emljryo are not entirely the result of diA’ision or segmentation 

of combined germ and sperm-nuclei. Wheeler states ^ that some 

oT the nuclei formed by the first differentiation go to form the 

vitellophags scattered tliroughout the yolk. We should also 

remark that, according to Henking, the blastoderm when com¬ 

pleted shows at one part a thickening, immediately under 

which included in the area the blastoderm encloses) are the 

two polar bodies, Avhich, as we liave seen, were formed by the 

germinating body at an earlier stage of its activity. Tig. 79 

J. Morfihol. viii. 1893, p. 81 ; see also Graber’s table on p. 149. 
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represents u stage in the development ot PtjrrliOCOTis, showing 

the interior of the egg after a Ixjdy lias been formed liy the union 

of the sperm and egg-nuclei; this liody is aliout to undergo 

division or segmentation, and the e(|uatorial arrangement wheie 

this will take ])lace is seen. The two ])olar liodies 1*^^, l’„, after 

having been excluded, are nearly reincluded in the egg. 

The Ventral Plate. 

The next important change after the formation of the blastoderm 

is the partial detachment of a part of its periiihery to become 
placed in the interior of the other and larger 

portion. The way in which this takes place 

will be gathered from tlie accompanying dia¬ 

grammatic figures taken from Graber: a 

thickened portion (« 6) of the blastoderm 

becomes indrawn so as to leave a fold 

(r d) at each point of its withdrawal, and 

these folds afterwards grow and meet so as 

to enclose the thickened portion. The outer 

envelope, formed in part liy the original 

lilastoderm and in part liy the new growth, 

is called the serosa / ), the inner layer {g) of 

the conjoined new folds being termed the 

amnion : the part withdrawn to the interior 

and covered by the serosa and amnion is 

called the ventral ]^^)late, or germinal band 

{Keimstreif), and becomes developed into the 

future animal. Tlie details of the withdrawal 

of the ventral plate to the interior are very 

different in the varioTis Insects that have been investigated. 

One of the earliest stages in the development is a differentia¬ 

tion of a portion of the ventral ])late into layers from which 

the future iiarts of the organisation will be derived. This 

se])aration of endoderm from ectoderm takes place by a sort 

of invagination, analogous with that by which the ventral ])late 

itself is formed. A longitudinal depression running along the 

middle of the ventral plate appears, and forms a groove or 

channel, which becomes obliterated as to its outer face by the 

meeting together of the two margins of the groove (except on the 

Fig. 80.—Stage.s of tlie 
enclosure of the ven¬ 
tral plate; A, «, b, 
ventral plate ; B, c, 
d, folds of the blas¬ 
toderm that form the 
commencement of the 
amnion and serosa ; 
C, e, f, part of the 
serosa ; tj, amnion. 
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anterior part, which remains open). The more internal layer of 

the periphery of this closed canal is the origin of the endo- 

derm and its derivatives. S\ihsecpiently the ventral plate and 

its derivatives grow so as to form the ventral part and 

the internal organs of the Insect, the dorsal part being com¬ 

pleted mnch later by growths that differ much in different 

Insects; Graher, who has specially investigated this matter, 

informing ns ^ that an astonishing mnltifarionsness is displayed. 

It would appear that the various modes of this development 

do not coincide with the divisions into Orders and Families 

adopted Iiy any syStematists. 

We should observe that the terms ectoderm, mesoderm, and 

endoderm will prol)al)ly he no longer applied to the layers of the 

embryo when embryologists shall have decided as to the nature 

of the derived layers, and shall have agreed as to names for 

them. ..j4ccording to the nomenclature of Graher * the blasto¬ 

derm differentiates into Ectohlast and Endohlast; this latter 

undergoing a further differentiation into Coelol.dast and Myoblast. 

This talented embryologist gives the following table of the 

relations of the embryonic layers and their nomenclature, the 

first term of each group being the one he proposed to use:— 

Protoblast.- 

Periblast ^ 
(Epiblast, 
blastoderm). 

Centroblast 
(Yolk-cells, hypo¬ 

blast, endoderm 
in part of Bal¬ 
four). 

-Ectoblast 
(Ectoderm, outer 
layer). 

'EndoVjlast 
or Hypoblast 
inner layer. 

(Mesoblast of Bal 
four.) 

Mesoderm and endo' 
derm. 

Part of yolk cells. 

Coeloblast 
(Endoderm in nar¬ 

rower sense). 
BariiulriXsenhlatt. 

Myoblast (Meso¬ 
derm of most 
authors). D.irm- 
muskelblatt. 

Xussbaum considers ® that “ there are four layers in the cock¬ 

roach-embryo, viz. (1) ejnhlast, from which the integument and 

nervous system are developed; (2) somatic layer of viesoUast, 

mainly converted into the muscles of the body-wall; (3) splanchnic 

layer of mcsoUast, yielding the muscular coat of the alimentary 

canal; and (4) hypoUast, yielding the epithelium of the mesen- 

teron.” 
Turning our attention to the origin of the segmentation, that 

is so marked a feature of Insect structure, we find that evidence 

DcnTc. Ak. Wien, Iv. 1888, p. 109, etc. = Morph. Jahrh. xiv. 1888, p. 347. 

^ In Miall and Denn}^, Cockroach, ]>. 188. 

1 
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of division or arrangeinent of the l^ody into segments appears 

very early, as shown in our Figure of some of the early stages 

of development of Lina (a heetle), Fig. 81. In A the segmen¬ 

tation of the ectoderm has not commenced, hut the procephalic 

lolies (P C) are seen; in F) the three head segments are distinct, 

while in C the thoracic segmentation has occurred, and that 

of the alxlomen has commenced. Graber considers that in this 

species the alxlomen consists of ten segmental lobes, and a 

terminal piece or telson. According to Graljer ^ this is not a 

primitive condition, but is preceded by a division into three or 

C 
Fig. 81.—Early stages of the segmentation of a beetle {Lina): A, segmentation not visilile, 

1 day ; B, segmentation of head visible ; C, segmentation still more advanced, 2^ 
days ; PC, procephalic lobes ; g^, g-, segments bearing apipendages of the head ; 
th, thorax ; th^, tK^, segments of the thorax ; id, anterior abdominal. 

four parts, corresponding with the divisions that will afterwards 

lie head, thorax, and alidomen. This primary segmentation, he 

says, takes place in the Hypoblast (Endoderm) layer of the ventral 

plate; this layer being, in an early stage of the development of 

a common grasshopper (Stenohothrus varialnlis), divided into 

lour sections, two of which go to form the head, while the others 

Itecome thorax and alxlomen respectively. In Lina the primary 

segmentation is, Graber says, into three instead of four parts. 

Graber’s opinion on the primary segmentation does not appear 

to lie generally accepted, and AVheeler, who has studied the 

Morph. Jalirh. xiv. 1888, p. 345. 1 
- J. Morphol. viii. 1893, p. 1. 
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embryology of another Orthopteroii, considers it will prove 

to be incorrect. When the secondary segmentation occurs the 

anterior of the two cephalic dhdsions remains intact, while the 

second divides into the three parts that afterwards bear the 

mouth parts as appendages. The thoracic mass subse<]^uently 

segments into three parts, and still later the hind part of the 

ventral plate undergoes a similar difterentiation so as to form the 

abdominal segments; what the exact number of these may be 

is, however, by no means easy to decide, the division being but 

vague, especially posteriorly, and not occurring all at once, but 

progressing from .before backwards. 

The investigations that have been made in reference to the 

segmentation of the ventral plate do not at present justify us 

in asserting that all Insects are formed from the same number 

of embryonic segments. The matter is summarised by Lowne, to 

the effect that po.sterior to the procephalic lobes there are three 

head segments and three thoracic segments, and a number of 

abdominal segments, “ rarely less than nine or more than eleven.” 

It will be seen by referring to Figure 81 that the segmentation 

appears, not simultaneously, but 

progressively from the head back¬ 

wards ; this of course greatly in¬ 

creases the difficulty of determin¬ 

ing Ijy means of a section the real 

number of segments. 

The later stages in the develop¬ 

ment of Insects are already proved 

to be so various that it woidd be 

impossil.)le to attempt to follow 

them in detail; but in Fig. 82 

we represent a median section 

of the embryo of Zygaena filipen- 

dula at the fifth day. It shows 

well some of the more important 

of the general features of the de¬ 

velopment at a stage subsequent to 

those represented in Fig. 81, A, B, 

C. The very distinct stomodaeum 
(st) and proctodaeum (j)r') are seen as inflexions of the external 

wall of the body; the segmentation and the development of the 

VT 

Fig. 82.—Embrj'o rf a motli {Zygaena) 
at tlie fifth day (after Graber) : am, 
amuion ; s, serosa ; proceplialic 
lobes ; st, stomodaeum ; pi, prooto- 
daeum ; g^, g'^, g^, the mouth parts 
or head appendages ; </d, th?, 
appendages of the thoracic segments ; 
a}-a^^, abdominal segments ; s.g, sali¬ 
vary gland. 
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ventral parts of the ernl)ryo are well advanced, while the dorsal 

part of the embryo is still rpiite incomplete. 

The method of investigation hy which eml)ryologists chiefly 

carry on their researches is that of dividing the egg after 

proper ]»reparation, into a large numlier of tldii sections, wdrich 

are afterwarils examined in detail, so as to allow the arrange¬ 

ment to be completely inferred and descriljed. Ahdnahle as this 

method is, it is nevertheless clear that it should, if possible, 

be supplemented l.)y direct oliservation of the processes as they 

take place in the living egg: this method was formerly used, 

and hy its aid we may still hope to obtain exact knowledge 

as to the arrangements and rearrangements of particles hy 

which the structiu’es develop. Such r|uestions as whether the 

whole formative power in the egg is absolutely confined to 

one or two small centres to which the whole of the other egg 

contents are merely, as it were, passive accessories, or whether an 

egg is a combination in which some portion of the powers of 

rearrangement is possessed by other particles, as Avell as the 

chromosomes, in virtue of their own nature or of their position 

at an early period in the whole, can scarcely be settled without 

the aid of direct observation of the processes during life. 

The importance of the yolk is recognised by most of the 

recent writers. Nussbaum states {loc. cit.) that “scattered yolk- 

cells associate themselves with the mesol»last cells, so that the 

constituents of the mesoblast have a twofold origin.” AVheeler 

finds ^ that amoeboid cells — he styles them vitellophags — 

traverse the volk and assist in its rearrangement; he insists on 

the importance both as regards cpiantity and quality of the yolk. 

The eggs of some insects are fairly transparent, and the 

process of development in them can, to a certain extent, be 

observed by simple inspection with the microscope; a method 

that was used l)y AVeismann in his observations on the embry¬ 

ology of Chironinmis. There is a moth {Limacodcs testudo), that 

has no objection to depositing its eggs on glass microscope-slides. 

These eggs are about a millimetre long, somewhat more than half 

that width, are very fiat, and the egg-shell or chorion is very thin 

and ])erfectly transparent. AVhen first laid the contents of this 

egg ap)pear nearly homogeneous and evenly distributed, a finely 

granular appearance l)eing presented throughout; but in twenty- 

’ J. MorphoL viii. 1893, pp. 64, 65, and 81. 
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four hours a great change is found to have taken place. The 

whole superficial contents of the egg are at that time arranged in 

groups, having the appearance of separate rounded or oval masses, 

pressed together so as to destroy much of their globular symmetry. 

The egg contents are also divided into very distinct forms, a 

granular matter, and a large number of transparent globules, 

these latter being the fatty portion of the yolk; these are present 

everywhere, though in the centre there is a space where they are 

very scanty, and they also do not extend quite to the circum¬ 

ference. But the most remarkable change that has taken place 

is the appearance in the middle of the field of an area different 

from the rest in several particxdars; it 

occupies about one-third of the width 

and one-third of the length; it has a 

whiter and more opaque appearance, 

and the fat globules in it are fewer in 

number and more indistinct. This 

area is afterwards seen to Ixe occupied 

by the developing embryo, the outlines 

of which become gradually more dis¬ 

tinct. Fig. 83 gives an idea of the 

appearance of the egg alxout the middle 

period of the development. In warm 

weather the larva emerges from this 

egg ten or eleven days after it has 

been deposited. 
The period occupied by the develop¬ 

ment of the embryo is very different in 

the various kinds of Insects; the blowfly 

endxryo is fully developed in less than 
twenty-four hours, while in some of the Orthoptera the embryonic 

stage may be prolonged through several months. According to 

Woodworth the Idastoderm in Vanessa antiopa is complete in 

twenty-four hours after the deposition of the egg, and the 

involution of the ventral ydate is accomplished within three days 

of deposition. 

Metamorphosis. 

The ontogeny, or life history of the individual, of Insects is 

peculiar, inasmuch as a veiy large part of the development takes 

Fig. 83.—A, Egg of Limacodes 
testudo about the middle of 
the development of the em¬ 
bryo ; B, micropyles and sur¬ 
rounding sculpture of chorion. 
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place only late in life and after growth Inas been completed. Insects 

leave the egg in a certain form, and in that condition they con¬ 

tinue—with, however, a greater or less amount of change according 

to kind—till growtli is completed, when, in many cases, a very great 

change of form takes place. Post-embryonic development, or 

change of form of this kind, is called metamorphosis. It is not a 

phenomenon peculiar to Insects, but exists to a greater or less 

extent in other groups of the Metazoa; while simpler post- 

embryonic development occurs in nearly all, as in scarcely any 

complex animals are all the organs completely formed at the time 

the individual l)ecomes possessed of a separate existence. In 

many animals other than Insects the Y)Ost-eniljryonic de^'elopment 

assumes most remarkable and complex forms, though there are 

perhaps none in which the phenomenon is A'ery similar to the 

metamorphosis of Insects. The essential features of metamor¬ 

phosis, as exhil)ited in the great class we are writing of, appear 

to he the separation in time of growth and deA'elopment, and the 

limitation of the reproductive processes to a short period at the 

end of the individual life. The peculiar phenomena of the post- 

embryonic development of the white ants show that there exists 

some remarkable correlation between the condition of the repro¬ 

ductive organs and the development of the other parts of the 

organisation. If we take it that the post-embryonic physio¬ 

logical processes of any individual Insect are of three kinds, 

—growth, development, and reproduction,—then we may say 

that in the higher Insects these three processes are almost 

completely separated, and go on consecutively, the order being,— 

first, growth ; second, development; third, reproduction. “While, 

if we complete the view by including the processes comprised in 

the formation of the egg and the development therein, the series 

wdll l)e—(1) oogenesis, or egg-growth; (2) development (embry¬ 

onic); (3) growth (post-embryonic); (4) development (post- 
embryonic); (5) reproduction. 

The metamorphosis of Insects is one of tlie most interesting 

parts of entomology. It is, however, as yet very little known 

trom a scientific point of view, although the simpler of its 

external characters have for many ages past attracted the 

attention and elicited the admiration of lovers of nature. It 

may seem incorrect to say that little is yet known scientifically 

of a phenomenon concerning which references almost innumer- 
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able are to be found in literature : nevertheless the ol)servations 

that have been made as to metamorphosis, and the analysis that 

has been commenced of the facts are at present little more than 

sufficient to show us how vast and complex is the subject, and 

how gTeat are the difficulties it presents. 

There are three great fields of inquiry in regard to meta¬ 

morphosis, viz. (1) the external form at the different stages; 

(2) the internal organs and their changes; (3) the physiological 

processes. Of these only the first lias yet received any extensive 

attention, though it is the third that precedes or underlies the 

other two, and is the most important. AYe will say a few words 

about each of these departments of the inquiry. Taking first 

the external form—tlie instar. But before turning to this we 

must point out that in limiting the inquiry to the post-embryonic 

development, we are making one of those limitations that give rise 

to much misconception, though they are necessary for the acquisi¬ 

tion of knowledge as to any complex set of phenomena. If we 

assume five well-marked stages as constituting the life of an Insect 

with extreme metamorphosis, viz. (1) the formation and growth of 

the egg; (2) the changes in tlie egg culminating in its hatching 

after fertilisation; (3) the period of growth; (4) the pupal 

changes ; (5) the life of the perfect Insect ; and if we limit our 

inquiry about development to the latter three, we are then 

shutting out of view a great preliminary question, viz. whether 

some Insects leave the egg in a different stage of dcA'elopment to 

others, and we are consequently exposing ourselves to the risk 

of forgetting; that some of the distinctions we observe in the 

subsequent metamorphosis may be consequential on differences in 

the embryonic development. 

Instar and. Stadium. 

Figs. 84 and 85 represent corresponding stages in the life 

of two different Insects, Fig. 84 showing a locust (Acriditmi), 

and Fig. 85 a white butterfly. In each A represents the 

newly-hatched individual; B, the insect just liefore its perfect 

state; C, the perfect or imago stage. On comparing the two sets 

of figures we see that the C stages correspond pretty well as 

regards the most important features (the position of the wings 

being unimportant), that the A stages are moderately different, 
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wliile the !’> states are iKjt to he recognised as e(jiiivalent condi¬ 

tions. 
Every Insect alter leaving the egg undergoes during the 

jirocess of growth castings of the skin, each of which is called 

Fig. 84. — Locust 
(Acridiu m per- 
eijrinuin) : A, 
newly hatched; 
B, just ante¬ 
cedent to last 
ecdysis; C, per¬ 
fect Insect. 

a moult or ecdysis. Taking for our present purpose five as the 

number of ecdyses undergone by both the locust and butterfiy, 

we may express the differences in the successions of change we 

portray in Figs. 84 and 85 by saying that previous to the 

Fig. 85.—Butterfly [Pieris): 
A, the newly hatched 
young, or larva magnified ; 
B, pupa (natural size) just 
antecedent to last ecdysis ; 
C, ]ierfect Insect. 

first ecdysis the two Insects are moderiitely dissimilar, that the 

locust undergoes a modemte change before reaching the fifth 

ecdysis, and undergoes another moderate change at this moult, thus 

reaching its perfect condition by a slight, rather gradual series of 
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alterations of form. On the other hand, the butterfly under¬ 

goes hut little modification, remaining much in the condition 

shown by A, Fig. 85, till the fourth, or penultimate, ecdysis, 

hut then suffers a complete change of form and condition, which 

apparently is only inferior to another astonishing change that 

takes place at the fifth or final moult. The chief, though by no 

means the only, difference between the two series consists in.the 

fact that the butterfly has interposed between the penultimate 

and the final ecdyses a completely quiescent helpless condition, in 

which it is deprived of external organs of sense, locomotion, and 

nutrition ; while in the locust there is no loss of these organs, and 

such quiescent period as exists is confined to a short period just 

at the fifth ecdysis. The changes exhibited by the butterfly are 

called “ complete metamorphosis,” while this phenomenon in the 

locust is said to be “ incomplete.” The Insect with complete 

metamorphosis is in its early stage called a larva, and in the 

quiescent state a pupa. The adult state in both butterfly and 

locust is known as imago or perfect In.sect. 

The most conspicuous of the differences between Insects with 

complete and those with incomplete metamorphosis is, as we 

have remarked, the existence in the former of a pupa. The 

pupal state is by no means similar in all the Insects that 

possess it. The most anomalous conditions in regard to 

it occur in the Order Xeuroptera. In some members of 

that Order—the Caddis-flies for instance—the pupa is at first 

cpiiescent, but becomes active before the last ecdysis; while in 

another division—the May-flies—the last ecdysis is not preceded 

by a formed pupa, nor is there even a distinct pupal period, l)ut 

the penultimate ecdysis is accompanied l)y a change of form t(.i 

the winged condition, the final ecdysis Ijeing merely a casting of 

the skin after the winged state has been assumed. In the 

Odonata or Dragon-flies there is no pupal stage, l»ut the cliange 

of form occurring at tlie last ecdysis is very great. In those 

Insects where the interval ])etween the last two moults is not 

accompanied liy the creature’s passing into a definite, quiescent 

pupa, the individual is frequently called then a nym})h; but the 

term nymph has merely a distinctive meaning, and is not capalde 

of accurate definition, owing to the variety of different conditi(.)ns 

covered by the word. Eaton, in descrilhug this term as it is used 

for Epliemeridae, says, “ Nymphs are young which lead an 
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active life, quitting tlie egg at a toleral)ly advanced stage of 

morphological development, and having the mouth-parts foinned 

after the same main t}q)e of construction as those of the adult 

insect.” ^ 
The intervals between the ecdyses are called stadia, the first 

stadium being the period lietween hatching and the first ecdysis. 

Unfortunately no term is in general use to exqjress the form of 

the Insect at the various stadia; entomologists say, “ the form 

assumed at the first moult,” and so on. To avoid this circum¬ 

locution it may be well to adopt a term suggested by ITscher,^ 

and call the Insect as it appears at hatching the first instar, 

what it is as it emerges from the first ecdysis the second instar, 

and so on; in that case the pupa of a Lepidopteron that assumed 

that condition at the fifth ecdysis would be the sixth instar, and 

the butterfly itself would be the seventh instar. 

Various terms are used to express the differences that exist in 

the metamorphoses of Insects, and as these terms refer chiefly to 

the changes in the outer form, we will here mention them. As 

already stated, the locust is, in our own language, said to have an 

incomplete metamoiqdiosis, the butterfly a complete one. The 

term Holometabola has been proposed for Insects with complete 

metamorphosis, while the appellations Ametabola, Hemimetabola, 

Heterometabola, and Pauroinetabola have been invented for 

the various forms of incomplete, or rather less complex, meta¬ 

morphosis. Some writers use the term Ametabola for Insects 

that are supposed to exhibit no change of external form after 

quitting the egg, the contrasted series of all other Insects being 

then called Metabola. Westwood and others use the word 

Homomorpha for Insects in which the condition on hatching 

more or less resembles that attained at the close of the develop¬ 

ment, and Heteromorpha for those in which the form on 

emergence from the egg differs much from what it ultimately 

becomes. 

Hypermetamorphosis. 

There are certain unusual changes to which the term 

hypermetamorphosis has l)een applied; these we can here only 

briefly allude to. 

1 Trans. Linn. Soc., 2nd Series, “Zool.” 1888, iii. p. 12. 

" Orthoptera cm'opaca, 1853, p. 37. 
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Insects that liave complete metamorphoses, and are not 
supplied with food by their parents or guardians, are provided 
during their larval life with special modifications of extremely 
various kinds to fit them for the period of life during which they 
are obtaining food and growing. Thus caterpillars possess numer¬ 
ous adaptations to fit them for the period during which they 
live on leaves, while maggots have modifications enabling them to 
live amongst decomposing flesh. Some larvae are greatly modified 
in tins adaptive way, and when the adaptations change greatly 
during the life of the larva, hypermetamorphosis is said to exist. 
As an instance we may mention some beetle larvae that are horn 
with legs by whose aid they can cling to a bee, and so get 

Fig. 86.—Prepara¬ 
tory stages of 
Sitaris humer- 
alis: 9, 10, 11, 
12, first, second, 
third, and fourth 
larval instars ; 
13, pupa. (After 
Lubbock and 
Fabre.) 

A 
carried to its nest, where they will in future live on the stores 
of food the bee provides for its own young. In order that they 
may be accommodated to their totally different second circum¬ 
stances, they change their first form, losing their legs, and be¬ 
coming almost bladder-like creatures, fitted for floating on the 
honey without being injured Ijy it. Such an occurrence has 
been described by hahre ^ in the case of S'fhcrfs Jvwmcralis, and 
his figures hai^e been reproduced in Sir John Lubbock’s hook on 
the metamorphoses of Insects,' as well as in other works, yet they 
are of so innch interest that we give them again, especially as the 
subject is still only in its infancy; we at present see no sufficient 
reason for the later of these larval states. Little is, we believe, 
known as to the internal anatomy of the various instars in these 
curious ease.s. 

^ Ann. Sd. Nat. Zool. Ser. iv. vol. vii. 1857, pi. 17. - Nature Series, 1874. 
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There are certain minute Hyinenoptera that deposit their 

eggs inside the eggs of other Insects, where the beings liatched 

from the parasitic eggs sul)sequently undergo their development 

and growth, finding their sustenance in tlie yolk or embryo con¬ 

tained in the host-eg<i. It is evident that such a life is verv 

anomalous as regards l)oth food and the conditions for respira¬ 

tion, and we conseqiiently find that these tiny egg-parasites go 

through a sei'ies of changes of form of a most remarkable 

character.^ It would appear that in the.se cases the embryonic 

and post-embryonic developments are not separated in the same 

way as they are in other Insects. AVe are not aware that any 

term has yet been proposed for this very curious kind of Insect 

development, which, as pointed out Ijy Brauer,” is doubtless of a 

different nature from the hypermetaniorphosis of Sitaris. 

Changes in Internal Organs. 

In relation to the post-embryonic development of the internal 

organs of the body there is hut little exact generalisation to be 

made, the anatomical condition of these oroans at the time of 

emergence from the egg having been ascertained in luit few 

Insects. AVe know that in Holometal^olous Insects the internal 

anatomy differs profoundly in the larval and imaginal instars. 

As to Insects with more imperfect metamorphosis very little 

information exists, 1jut it appears probable that in many no ex¬ 

tensive distinctions exist between the newly-hatched and the 

adult forms, except in the condition of the reproductive organs. 

Differences of minor importance doulitless exist, but there is 

almost no information as to their extent, or as to the periods at 

which the changes occur; so that we do not know to what 

extent they may l)e concentrated at the final ecdysis. In Insects 

with perfect metamorphosis the structures of the internal organs 

are, as we have .said, in many cases totally different in the larval 

and imaginal periods of the life; l)ut these changes are far from 

being uniform in all Holometabola. The nervous system in 

some cases undergoes a great concentration of the ganglia, in 

otliers does not, and important distinctions exist in this respect 

even within the limits of a single. Order, such as the Coleoptera. 

^ .See rroctotriq)idae subsequently. 

- Verh. Zuol.-bot. Ges. Jl'icn, .xi.x. 1869, p. 839. 



V METAMORPHOSIS l6 I 

Some Insects take the same kind of food throughout their lives, 

hut many others change totally in this respect, and their organs 

for the pi’ehension and digestion of food undergo a corre¬ 

sponding change. Butterflies suck food in the form of liquid 

juices from flowers by means of a delicate and long proboscis, 

while the young butterfly—the caterpillar — disdains sweets, 

and consumes, by the assistance of powerful mandibles, a great 

hulk of leaves. Other Holometabola undergo no such total change 

of habits; the tiger-beetle, for instance, is as ferocious a con¬ 

sumer of the juices of Insects in its young stage as it is in the 

adult condition. Hence Brauer ^ divides Insects, as regards this 

point, into three categories. The forms in which both the young 

and adult take food by suction he calls Menorhyncha; those in 

which both the imago and immature forms feed by mandibles he 

calls Menognatha ; while his Metagnatha consists of those insects 

that take food by jaws when young, but by suction with tubular 

mouths when mature. Besides these main divisions there are 

some exceptional cases to which we need not here allude, our 

present object being to indicate that in the Metagnatha the 

digestive organs are of a very different nature in the young and 

in the adult states of existence. 

The internal organs for the continuance of the species are 

known to be present in a rudimentary stage in the embryo, and 

it is a rule that they do not attain their full development until 

growth has l^een completed; to this rule there may possibly lie 

an exception in the case of the Aptera. But little information 

of a comparative character exists as to the dorsal vessel and the 

changes it undergoes during metamorphosis. There is con¬ 

siderable difficulty in connexion with tlie examination of this 

structure, but it appears probal)le that it is one of the organs 

that changes the least during tlie process of metamorphosis. 

The exact nature of the internal changes that occur during 

metamorphosis is almost a modern subject. It is of course a 

matter of great difficulty to observe and record changes that go 

on in the interior of sucli small creatures as Insects, and when 

the phenomena occur with great rapidity, as is frequently the 

case in Insect metamorpliosis, the difflculty is much increased. 

Nevertheless the subject is of such great interest that it has been 

investigated with a skill and perseverance that call lor the 

1 “Syst. Zool. Stud.” SB. Ak. Wien, Abth. 1, xci. 1885, p. 291. 
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highest admiration. I’he greater part of the information ob¬ 

tained refers to a single Insect, the Idowlly; and amongst those 

who have made important contriljutions to it we may mention 

"VA^eismann,^ Yiallanes,^ Ganin,® and Van Eees,'^ and it is at pre¬ 

sent under investigation Ijy Lowne. A good deal, too, is becoming 

known about the processes in the case of the silkworm. 

Integument and Ecdysis. 

The integument consists of a cellular layer, usually called the 

hypodermis, situated on a basement membrane. The hypo- 

dermis, or layer of chitinogenous cells, excretes a matter which 

remains attached to the body, forming the hard outer layer of the 

skin. This layer consists of chitin and has no vitality, but 

its presence no doubt exerts a very important influence on the 

physiological processes of the Insect. The chitinous investment 

varies much in thickness and in other properties; in some 

Insects it is hard, even glassy, so as to be difficult to pierce with 

a pin, in others it is pliable, and in some very delicate. Chitin 

is a substance very difficult to investigate; according to the 

recent researches of Krawkow ® it may prove to be of somewhat 

variable chemical composition. 

After a time the hypodermis excretes a fresh supply of 

chitin, and, possibly Ijy the commencement of this process, the 

older chitinous investment becomes separated and is shed. The 

details have, however, not been ascertained, though their import¬ 

ance has been suggested by Hatchett Jackson.® The newly 

exposed layer of integument is pallid, but afterwards becomes 

coloured in a manner varying according to the species, the process 

being possibly due to some secondary exudation permeating the 

freshly exposed chitin, or modifying some })art of its exterior. 

Lowne informs us that in the imago of the blowfly the great 

majority of the hy})odermic cells themselves enter into the com¬ 

position of the chitinous integument; and it is perhaps not a 

matter for surprise that the cells should die on the completion of 

tlieir functional activity, and should form a part of the chitinous 

^ Zcitschr. u'iss. Zool. xiv. 1864, p. 187. 

- Yiallaiies, Ann. Sci. Xat., Series 6, “Zool.” xiv. 1882. 

“ Unfortunately in the Russian language. * Zool. Jahrh. Abth. Anat. iii. 1888, p. 1. 

^ ZcitscJir. Biol., xxix. 1892, p. 177. 

“ Trans. Linn. Soc. London. “Zoology,” 2nd series, v. 1890, p. 174. 
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investment. Some writers say that the chitinons layer may he 

shown to be covered hy a delicate extima or outer coat. 

The nnmher of ecdyses varies greatly in Insects, hnt has been 

definitely ascertained in only a few forms ontside the Order 

Lepidoptera. In Campodea Grass! says there is a single frag¬ 

mentary moult, and in many Hymenoptera the skin that is cast 

is extremely delicate, and the process perhaps only occurs twice 

or three times previous to the pupal stage. In most Insects, 

however, ecdysis is a much more imj)ortant affair, and the whole 

of the chitinons integument is cast off entire, even the linings of 

the tracheae, and of the alimentary canal and its adjuncts being 

parted with. Sir John Lubbock observed twenty-three moults 

in a May-fly of the genus Cloeon^ this being the maximum yet 

recorded, though Sommer states - that in Macrotoma 

moulting goes on as long as life lasts, even after the Insect has 

attained its full size. 

Some Insects get quit of a considerable quantity of matter hy 

their ecdyses, while in others the amount is comparatively slight. 

It has been thought that the moulting is effected in order to 

permit of increase of size of the Insect, but there are facts which 

point to the conclusion that this is only a factor of secondary 

importance in the matter. One of these is that many Insects 

make their first ecdy.sis almost immediately after they leave the 

egg; this is the case with the young larva of the blowfly, which, 

according to Lowne, moults within two hours of its emergence 

from the egg. We have already referred to the important sug¬ 

gestion made hy Eisig ® that, since chitin is a nitrogenous sub¬ 

stance, the ecdyses may he a means of getting rid of waste 

nitrogenous matter; to which we have added that as chitin also 

consists largely of carbon, its excretion may he of importance 

in separating carbonaceous products from the blood. 

Metamorphosis of Blowfly. 

The phenomena of metamorphosis are displayed to their 

greatest extent in the transformations and physiological processes 

of the M'uscid Dvptera, of which the common blowfly is an 

^ Trans. Linn. Soa. xxv. 1866, p. 491. ^ Zeitsclir. ^^nss. Zool. xli. 1885, p. 712. 

® “Fauna und Flora d. Golfes von Neapel,” Dio Capitellulen, 1887, i>. 781. 
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exainY)le. We will l)rieHy consider the information that has been 

oljtained on this snl)j,ect. 

The development of the endjryo in the egg of the blowfly is 

unusnally rapid, occnpying oidy a period of twenty to twenty- 

four hours. After its lirst nionlt the Idowhy larva grows rapidly 

during a period of about ten to fourteen days, during which it 

undergoes moults, the nnmher of which appears not to be 

definitely ascertained. After becoming full-fed the larva loses 

its active state, and passes for a period into a condition of com¬ 

parative quiescence, Ijeiiig spoken of in this state as a resting 

larva. This quiet period occurs in most full-grown larvae, and 

is remarkable for the great variation that may occur in its 

duration, it being in many Insects subject to prolongation for 

months, in some cases possil)ly even for years, though in favour- 

al)le circumstances it may be very short. Lowne informs us that 

in the blowfly this period of the life is occupied by very great 

changes in the internal organs, which are undergoing very exten¬ 

sive processes of destruction and rebuilding. After some days 

the outer skin of the resting larva shrivels, and is detached from 

the internal living sidjstances, round which it hardens and forms 

the sort of cocoon or capsule that is so well known. This 

using of the cast larval skin as a cocoon is, however, limited to 

certain of the two-winged flies, and perhaps a few other Insects, 

and so must be considered an exceptional condition. The capsule 

conceals from view a most remarkalde state, known to the old 

naturalist Ilcaumur as the “ spheroidal condition,” but called by 

more recent writers the pronymph. The pronymphal state 

may be looked on as being to a great extent a return of the 

animal to the condition of an egg, the creature liecoming an 

accumulation of soft creamy matter enclosed in a delicate skin. 

This spheroidal condition, lajwever, really begins in the resting 

larva, and Ahui Eees and others think that the delicate memltrane 

enclosing the suljstance of the pronymph is really the hypodermis 

of the integument of the larva. Although this seems probalde, 

from the resemblance tins condition would in that case present 

to the phenomena usnal in ecdysis, it is not generally admitted, 

and there is much dilhculty in settling the point. Lowne is of 

a contrary opinion, looking on the limiting memljrane as a sub- 

secpient formation; he calls it the })araderm. The process of 

forming the various organs goes on in the pronymph, till the 
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“ nymph ” lias completed its development, the creature having 

then again taken on a definite form which apparently corre¬ 

sponds to the pupa of Hymenoptera. Great doubt, however, 

exists as to this equivalence, and indeed as to any exact corre¬ 

spondence between the metamorphic stadia of different Insects, 

a view which long since was expressed by Sir John Lubbock^ 

and Packard. The term nymph is used in this case not because 

there is any resemblance to the condition similarly named in 

Insects with less complete metamorphosis, Imt because the term 

pupa is applied to the outer case together with the contained 

nymph. The transformation of the nymph into the perfect hlow- 

fly occupies a period very varialJe according to the temperature. 

Histolysis.—The processes by which the internal organs of 

the maggot are converted into those of the fly are of two kinds, 

—histolysis or breaking down, histogenesis or building up, of 

tissue. The intermediary agents in histolysis are phagocytes, 

cells similar to the leucocytes or white corpuscles of the blood: 

the intermediary agents in histogenesis are portions of tissue 

existing in the larval state incorporated with the different organs, 

or preserving a connexion therewith even when they are to a 

great extent separated therefrom. In this latter case they are 

called imaginal discs, though Professor Miall prefers to term them 

imaginal folds.^ The two processes of histolysis and histogenesis, 

though to some extent mutually dependent (for the material to be 

built up has to be largely obtained Ijy previous destruction), do not 

go on though they are to a great extent contemporaneous. 

In the resting larva histolysis is predominant, while in the nymph 

histogenesis is more extensive. Microscopic observation shows 

that the phenomena connected with the histolysis of the mus¬ 

cular tissue are scarcely distinguishable from those of an inflam¬ 

matory process, and Viallanes ® dilates on this fact in an instruc¬ 

tive manner. The phagocytes attach themselves to, or enter, the 

tissues which are to be disintegrated, and becoming distended, 

assume a granular appearance. By this pseudo-inflammatory pro¬ 

cess the larval structures are broken down into a creamy substance ; 

the buds, or germs, from which the new organs are to be devel¬ 

oped being exempt from the destruction. These buds, of which 

about sixty or upwards have already Ijeen detected, undergo 

^ Trans. Linn. Soc. xxiv. 186-3, p. 65. ^ Trans. Linn. Soc. “Zool. ’ v. 1892, p. 267. 

3 Ann. Sci. Nat., Series 6, “Zool.” xiv. 1882, p. 150. 
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growth as they are liljex’ated, and so the new creature is tormed, 

the process of growtli in certain parts going on while destruc¬ 

tion is being acconiplished in others. Considerable discrepancy 

prevails as to the extent to which the disintegration of some 

of the tissues is carried. 
According to Kowalevsky ^ it would appear that after the 

phagocytes have become loaded with granules they serve as 

nutriment for the growing tissues, and he thinks they become 

blood-cells in the imago. The process of histolysis has been 

Fia. 87.—Imagiiial di.scs of Muscidae in process of development : A, Brain and 
ventral ganglion of a larva 7 mni. long of M. vomitoria ; v, ventral ganglion ; 
c, cephalic ganglion ; h, head riidiment ; vc, portion of ventral chain; pd, 
prothoracic rudiment; vc^, third nerve ; md, mesothoracic rudiment: B, meso- 
thoracio rudiment, more advanced, in a pujra just formed of Sarcophaga carnaria, 
showing the base of the sternum and folds of the forming leg, the central part (/) 
representing the foot: C, the rudimentary leg of the same more advanced femur; 
t, tibia ; /j, /j, tarsal joints : D, two discs from a larva 20 mm. long of Sarcophaga, 
attached to tracheae ; msw, mesonotal and wing-rudiment ; mt, metathoracic rudi¬ 
ment : E, r, mesothoracic rudiment of a 7 mm. long larva attached to a tracheal 
twig. (After Weismann and Graber.) 

chiefly studied in the blowfly, and not much is known of it in 

other Insects, yet it occurs to a considerable extent, according to 

Ihignion ^ and others, in the metamorphosis of Lepidoptera. 

Indeed it would almost seem that the processes of histolysis 

and histogenesis may he looked on as exaggerated forms of the 

})henoniena of the ordinary life of tissues, due to greater rapidity 

and discontinuity of tissue nutrition. 

^ Zool. Ahz. viii. 1885, p. 125. * MM. Schiceiz. ent. Ges. viii. 1893, p. 403. 
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Imaginal Discs.—The iiuagiual discs are portions of the 

larval hypoderm, detached from continuity with the main body 

of the integument, but connected therewith by strings or pedicels 

which may be looked on as portions of the basement membrane. 

"Whether these discs, or histohlasts as they are called by Kunckel 

d’Herculais,^ are distinguished by any important cliaracter from 

other buds or portions of regenerative tissue that, according to 

Kowalevsky,^ Korschelt and Heider,® and others, exist in other 

parts of the body, does not appear to be at present ascertained. 

"We give some figures, taken from 'Weismann and Graber, of 

the imaginal rudiments existing in the 

larvae of Muscidae. Although by no means 

good, they are the best for our purpose 

we can offer to the reader. Other figures 

will be found in Lowne’s work on the 

blowfly now in course of publication. 

"Weismann’s paper ^ is now thirty years old, 

and, when it was written, he was not aware 

of the intimate connexion the rudiments 

have with the integument; this has, how¬ 

ever, now been demonstrated by several 

observers. Pratt states ^ that the formation 

of the imaginal discs in MelopJiagus ovinus 

takes place in the later stages of the em¬ 

bryonic development, and after the manner 

formerly suggested Ijy Balfour, viz. invagin¬ 

ation of the ectoderm. 
Both the regenerative buds and the 

rudimentary sexual glands are known to be 

derived directly from the emljryo; neither 
of them undergoes any histolysis, so that Fig. 88. — Median longi- 

, , tudiual .section throngh 
we have in them embryonic structures 

which exist in a quiescent condition during 

the period in which the larva is growing 

with great rapidity, and which when the 
larva has attained its full growth and is disintegrating, then 

larva of blowfly during 
the process of histo¬ 
lysis. (After Graber.) 
Explanation in text. 

^ Eecherches Org. des Volucelles, 1875, p. 143. 

^ Zeitsclir. wiss. Zool. xlv. 1887, p. 58/. 

3 Lehrbuch EntwicMungsgescMcUe, Spec. Theil. 1890, ]>. 875. 

4 Zeitschr. -wiss. Zool. xiv. 1864, p. 187. ® Arch. f. Naturges. lix. 1893, 1, p. 168. 
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appropriate the products of the disintegration so as to produce 

the perfect fly. 

Our Fig. 88, taken from Graher, represents a longitudinal 

median section of a full-grown larva of Musca, in which the 

processes of metamorphosis are taking place. The position of 

some of the more important imaginal rudiments is shown hy it: 

h^, V", 1)^, rudiments of the three pairs of legs of the imago; an, of 

antennae ; between an and lu, rudiment of eye ; %o, of wings ; h, of 

halteres; /, fat-body; d, middle of alimentary canal; n, ventral 

chain; st, stigma; 6, 7, sixth and seventh body segments. 

Physiology of Metamorphosis. 

Many years ago, Harvey perceived the probable existence of 

a physiological continuity between the earlier and later stages 

of the Insect’s life. Modern investigation has shown that in the 

blowfly a remarkable analogy exists between the conditions of 

the pupa and the egg. The outer shell of the pupa corresponds 

to the chorion or egg-shell, and the delicate outer membrane of 

the pronymph to the oolemn or lining membrane of the egg; the 

creamy matter corresponds with the yolk, and the regenerative 

buds are analogous to the formative portions of the developing 

egg. The process of histolysis as carried out by the phagocytes 

of the later life appears also to find a parallel in the vitellophags 

of the embryonic life.^ It appears probable that the physio¬ 

logical processes of the post-embryonic metamorphosis may be 

essentially a repetition—or an interrupted continuation-—of 

those of the embryonic period. 

The inquiry as to what are the determining causes of the 

metamorphic changes of the blowfly and other Insects has as 

yet but little adA^rnced. Why does the larva grow up to a 

certain period with great rapidity, then cease its appropriating 

power and Ijreak up the parts that have been so rapidly and 

recently formed ? And Avhy do the imaginal buds remain 

({uiescent till the other tissues are being disintegrated, and 

then, instead of sharing the general condition of disintegra¬ 

tion, commence a career of development ? To these questions no 

satisfactory answer has yet been given, though the remarkable 

studies, already referred to, of Bataillon (jn the later larval life 

' AYheeler, in J. Morpliol. viii. 1893, p. 81. 
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of the silkworm suggest the direction in which knowledge may 

be found, for they show that the physiological conditions of the 

later larval life are different from those of the earlier life, possibly 

as the direct result of the mere aggregation of matter, and the 

consequent different relations of the parts of the organism to 

atmospheric and aqueous conditions. 

If we wish to understand metamorphosis, we must supplement 

the old opinion that ecdysis is merely an occurrence to facilitate 

expansion, by the more modern conception that it is also an 

important physiological process. That shedding the skin is done 

solely to permit of enlargement of size is a view rendered unten- 

alde by many considerations. The integument can increase and 

stretch to an enormous extent without the aid of moulting; wit¬ 

ness the queen-termite, and the honey-bearers of the Myrmeco- 

cystus ants. Many moults are made when increase of size does 

not demand them, and the shedding of the skin at the time of 

pupation is accompanied by a decrease in size. And if moulting 

be merely connected with increase of size, it is impossible to see 

why Clo'eon should require two dozen moults, while Camjpodea 

can do with one, or why a collemholon should go on moulting 

during the period of life subsequent to the cessation of growth. 

The attention of entomologists has been chieHy directed to 

the ecdyses connected with the disclosure of the pupal and 

imaginal instars. Various important transformations may, how¬ 

ever, occur previous to this, and when they do so it is always 

in connexion with ecdyses. Caterpillars frequently assume a 

different appearance and change their habits or character at a 

particular ecdysis; and in Orthoptera each ecdysis is accom¬ 

panied by a change of form of the thoracic segments; this 

change is very considerable at one of the intermediate ecdyses. 

The assumption of the pupa state is the concomitant of an 

ecdysis, and so also is the appearance of the imago; hut the 

commencement of each of these two stages precedes the ecdysis, 

which is merely the outward mark of the physiological processes. 

The ecdysis by which the pupa is revealed occurs after the 

completion of growth and when great- changes in the internal 

organs have occurred and are still taking place; the ecdysis by 

which the imago appears comes after development has been quite 

or nearly completed. 
Although tlie existence of a pupa is to the eye the most 
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striking of the differences Ijetween Insects with perfect and those 

with imperfect metamorphosis, yet there is reason for supposing 

that the pupa and the ])upal period are really of less importance 

than they at hrst sight appear to he. In Fig. 85 we showed 

how great is the difference in appearance between the pupa and 

the imago. The condition that precedes the appearance of the 

pupa is, however, really the period of the most important change. 

In Fig. 89 we represent the larva and pupa of a hee; it will be 

seen that the difference between the two forms is very great, 

while the further change that will he required to complete 

the perfect Insect is hut slight. When the last skin of the 

c B A 

Tig. 89.—Larva and pupa of a bee, Xylocopa violacea: A, larva; B, pupa, ventral 
aspect ; C, pupa, dorsal aspect. (After Lucas.) 

larva of a Ifee or of a beetle is thrown off, it is, in fact, the 

imago that is revealed; the form thus displayed, though colour¬ 

less and soft, is that of the perfect Insect; what remains to he 

done is a little shrinking of some parts and expansion of others, 

the development of the colour, tlie hardening of certain parts. 

The colour appears quite gradually and in a regular coiu’se, 

the eyes being usually the first parts to darken. After the 

coloration is more or less ])erfected—according to the species 

—a delicate pellicle is shed or rubbed off, and the bee or beetle 

assumes its hnul form, though usually it does not become active 
till after a farther period of re^iose. 



CHAPTER YI 

CLASSIFICATION-THE NINE ORDERS OF INSECTS-THEIR CHARACTERS 

—Packard’s arrangement—beauer’s classification— 

CLASSIFICATIONS BASED ON METAMORPHOSIS-SUPER-ORDERS 

-THE SUBDIVISIONS OF ORDERS. 

Classification. 

We have already alluded to the fact that Insects are the most 

numerous in species and individuals of all land animals: it is 

estimated that about 250,000 species have been already described 

and have had scientific names given to them, and it is considered 

that this is prol)ably only about one-tenth of those that really 

exist. The classification in a comprehensible manner of such an 

enormous number of forms is, it will he readily understood, a 

matter of great difficulty. Several methods or schemes have 

since the time of LiiiJiaeus been devised for the purpose, hut we 

shall not trouble the reader to consider them, because most of 

them liave fallen into disuse and have only a historical interest. 

Even at present there exists, however, considerable diversity of 

opinion on the question of classification, due in part to the fact 

that some naturalists take the structure of the })erfect or adult 

Insect as the basis of their arrangement, while others prefer to 

treat the steps or processes by which the structure is attained, as 

Ijeing of primary importance. To consider the relative values of 

tliese two methods would he beyond our scope, l)ut as in practice 

a knowledge of the structures themselves must precede an inquiry 

as to the phases of development l)y which the structures are reached; 

and as this latter kind of knowledge has been ol)tained in the 

case of a comparatively small portion of the known forms,—the 

enihiyology and metamorphosis liaving been investigated in but 



INSECTS CHAP. 172 

few Insects,—it is clear tliat a classification on the basis of 

structure is the only one that can he at present of practical value. 

AVe shall therefore for the pur])Oses of this work make use of an 

old and simple system, taking as of primary importance the nature 

of the organs of flight, and of the appendages for the introduction 

of food to the body by the perfect Insect. We do not attempt to 

disguise the fact that this method is open to most serious 

objections, hut we believe that it is nevertheless at present the 

most simple and useful one, and is likely to remain such, at any 

rate as long as knowledge of development is in process of 

attainment. 

Orders, 

The great groups of Insects are called Orders, and of 

these we recognise nine, viz. (1) Aptera, (2) Orthoptera, (3) 

Neuroptera, (4) Hymenoptera, (5) Coleoptera, (6) Lepidoptera, 

(7) Diptera, (8) Thysanoptera, (9) Hemiptera. These names are 

framed to represent the nature of the wings; and there is some 

advantage in having the Orders named in a uniform and descriptive 

manner. The system we adopt differs but little from that 

proposed by Linnaeus.^ The great Swedish naturalist did not, 

however, recognise the Orders Orthoptera and Thysanoptera ; and 

his order Aptera was very different from ours. 

These Orders may he briefly defined as follows,—the reader 

lieing asked to recall the fact that by a mandibulate mouth we 

understand one in which the mandibles, or the maxilhu, or 

both, are fitted for biting, crushing, or grasping food; while the 

term suctorial implies that some of the mouth parts are of a 

tulmlar form or are protrusihle as a proboscis, which assists, or 

protects, a more minute and delicate sucking apparatus:— 

1. Aftera (a without, irnpov a wing). AVingless - Insects ; mouth mandibulate 

or veiy imperfectly suctorial. Metamorphosis very little. 

2. Orthoptera {opd6<i straight, rmpov a wing). Four wings are present, the 

front p)air being coriaceous (leather-like), usually smaller than the 

other pair, which are of more delicate texture, and contract in repose 

after the manner of a fan. Mouth mandibulate. Metamorphosis 

slight. 

3. Neuroptera {vevpov nerve, irrepoi' a wing). Four wings of membranous 

^ tS'ifst. Nat. Ed. 12, ref. i. pars ii. p. 536 (by error, 356). 

^ It must not be supjiosed. that all wingless Insects fall within the limits of this 

Order. 
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consistency, frequently with much network ; the front pair not much, 

if at all, harder than the other pair, the latter with hut little or no 

fanlike action in closing. Mouth mandibulate. Metamorphosis 

variable, but rarely slight. 

4. Hymeno'ptera {ifi-qv membrane, TTrepov a wing). Four wings of membranous 

consistency ; the front pair larger than the hind, which are always 

small and do not fold, up in repose. Mouth mandibulate, sometimes 

provided also with a tubular proboscis. Metamorphosis very great. 

5. Coleoptera {KoXeos sheath, irTepov a wing). Four wings ; the upper pair 

shell-like in consistency, and forming cases which meet together 

over the back in an accurate line of union, so as to entirely lose a 

winglike appearance, and to conceal the delicate membranous hind 

pair. Mouth mandibulate. Metamorphosis great. 

6. Lepidoptera (AeTrts scale, mepov a wing). Four large wings covered with 

scales. Mouth suctorial. Metamorphosis great. 

7. Diptera (Sis double, Trrepov a wing). Two membranous wings. Mouth 

suctorial, but varying greatly. Metamorphosis very great. 

8. Thysanoptera (Ovcravo'; fringe, Trrepov a wing). Four very narrow fringed 

wings. Mouth imperfectly suctorial. Metamorphosis slight. 

9. Heniiptera half, Trrepov a wing). Four wings; the front pair either 

leather-like with more membranous apex, or entirely parchment-like 

or membranous. Mouth perfectly suctorial. Metamorphosis usually 

slight. 

We must again ask the reader to hear in mind that numerous 

exceptions exist to these characters in most of the great Orders; 

for instance, wingless forms are not by any means rare in several 

of the Orders. 
Before remarking further on this system we will briefly 

sketch two other arrangements of the Orders of Insects, lor which 

we are indebted to Packard and Brauer. 

Packard’s Classification. 

Packard has devoted much attention to the subject, and has 

published two or three successive schemes, of which the following 

is the most recent; ^ the definitions are those of the author 

himself, hut the information in brackets is given to institute a 

concordance with the system we adopt:— 

1. Thysanura. Wingless ; often with a spring (ecpiivalent to our Aptera). 

2. Bermaptera. Front wings minute, elytra-like { = Forjiculidae, a part of 

our Orthoptera). 
3. Orthoptera. Wings net-veined ; fore wings narrow, hind wings folded 

(= our Orthoptera after subtraction of Bermaptera). 

1 American Naturalist, xx. 1886, p. 808. 
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4. Platyiitera. Four uet-veined wings ; mouth parts adapted for biting 

(= Termitidae and Mallophagu, parts of our Ncuroptera). 

.5. Odonata. Wings net-veined, etpial { = Odonata, a division of our 

Neuroptera). 

6. Plectoptera, Wings net-veined, unerpial (= Pphemeridae, a part of our 

Neuroptera). 

7. Jliysanoptera. Mouth beaklike but with palpi (= our Thysajioptera). 

8. Hemiptera. Mouth parts forming a beak for sucking. No palpi ( = our 

Hemipitera). 

The above eight Order.s form the group Ametabola, while the 

following eight constitute the Metabola :— 

9. Neuroptera. Wings net-veined ; metamorphosis complete ( = a small part 

of our Neuroptera). 

10. Mecaptera. Wings long and narrow (fora small part of our Neuroptera; 

the Panorp)atae of Brauer). 

11. TricJwptera. AVings not net-veined ( = our division of Neuroptera with 

the same name). 

12. Coleoptera. Fore wings sheathing the hinder ones ( = our CoUoptera). 

13. Siphonapitera. Wingless, parasitic. Flea ( = a division of Dzptera). 

14. Diptera. One pair of wings ( = our Diptera after subtraction of 

Sipho7iap)tera). 

15. Lepidoptera. Four wings (and body) scaled ( = our Lepidoptera). 

16. Hymenoptera. Four clear wings; hinder pair small; a tongue ( = our 

Hymenoptera). 

Although this system of the Orders of Insects has some 

valuable features it is open to very serious objections, to wdiich we 

can only brieHy allude. The Order Hemiptera with its extensive 

divisions, Heteroptera, Homoptera, Coccidae, and Anoplura exhibit¬ 

ing great differences in structure and considerable divergence in 

metamorphosis, is treated as only equivalent to the little group 

Panorpatae (scorpion-llies); these latter being considered a dis¬ 

tinct order, although they are not very different in structure or 

metamorphosis from the Orders he calls Aeuroptera and Trichop- 

tera. The arrangement appears to be specially designed with 

the view of making the Orders adopted in it fall into the two 

groups Ametabola and Metabola. The propriety of such a 

course is more than doul)tful since very few of the Ametabola 

are really without metamorphosis, in the wide sense of that term, 

while the Metabola include Insects with various kinds of meta¬ 

morphosis. Indeed if we sxdjstitute for the term Ametabola the 

more correct ex[)ressi(m, “ Insects with little metamorphosis,” and 

I'or Metab(da the definition, “ Insects with more metamorphosis 

but of various kinds,” we then recognise that the arrangement 
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is, like all others, a quite artificial one, while it is of little 

value, owing to the development of so few Insects being hitherto 
fully ascertained. 

Brauer’s Classification. 

Professor Brauer has recently proposed ^ to adopt 17 Orders 

or chief groups of Insects, arranging them as follows:— 

I. Aptertgogenea (with one order). 

1. Synaptera { = Aptera of our system). 

II. Pterygogenea ( = all the other Insects of our arrangement). 

2. Dermaptera (= Orthoptera, Fam. Forficulidae in our arrangement). 

3. Epliemeridae ( = a division of Neuroptera in our arrangement). 

4. Odonata (= a division of NmropUra in our arrangement). 

5. Plecoptera { = Neuroptera, Fam. Perlidae in our arrangement). 

6. Orthoptera (= our Orthoptera — Forficulidae and + Embiidae). 

7. Gorrodentia (= the families Termitidae, Psocidae, and Mallophaga, of 

our Neuroptera). 

8. Thysanopfera (as with us). 

9. Rhynchota (= Pdemiptera with us). 

10. Neuroptera (= the families Hemerohiidce and Sialidce of our Neuroptera). 

11. Panorpatae ( = the family Panoipidae of our Neuroptera). 

12. Trichoptera (= the division T7'ichoptera of Neuroptera). 

13. Lepidop)tera ( = as with us). 

14. Dip)tera (= our Diptera — Aphaniptera). 

15. Siphonaptera (= Ap)haniptera, a division of Diptera with us). 

16. Coleoptera (= Coleoptera). 

17. Hyynenopteixi (as with us). 

The chief characters on which Brauer bases his system are : 

(1) The existence or absence of wings. (2) The condition of the 

mouth, and whether it undergoes radical changes in the ontogeny, 

arriving thus at the categories Menognatha, Metagnatha, and 

Menorhyncha, as we have mentioned on p. 161. (3) The meta¬ 

morphosis; the grouping adopted being Ametahola, Hemimetabola, 

Metahola. (4) The number of the Malpighian tubules; 

Oligonephria, Polynephria. (5) The nature of the wings, the 

relative proportions of the thoracic segments, and some other 

characters. 
Brauer’s treatise is accompanied by a valuable and in many 

respects very sagacious consideration of the generalised char¬ 

acters of the Insecta; as a classification based partly on general¬ 

isations and partly on structures, it is, so far as the present 

1 “ Syst. Zool. Studien.” S.B. Ak. Wien, xci. 1885, Abth. I. p. 374. 
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condition of onr knowledge goes, a good one. Hut it is of 

little value as a practical guide, and as a Imsis for theoretical 

speculation it cannot he treated as of importance, hecanse the 

generalisations it makes u.se of are premature, owing to the small 

proportion (jf the forms that have been examined. And even now 

the groups adopted are kiujwn to he subject to many exceptions. 

Thus it begins by a division of In.secta into winged and 

wingless; but the winged division is made to comprehend an 

enormous number of wingless Insects, whole subdivisions of 

Orders such as the Mallophaga being placed in the winged series, 

although all are without wings. This first division is indeed 

entirely theoretical; and if a classification on generalisations 

were adopted, it would be more natural to begin with the old 

division into Homomorpha and Heteromorpha, and treat the 

Order Aptera as the first division of the Homomorpha, while the 

Heteromorpha would commence with theEphemeridae andOdonata, 

in which, though the individual in the early part of the ontogeny 

is very different from the perfect Insect, there is no marked 

division of the later larval and the pupal stages. Brauer’s system 

is also defective inasmuch as it takes no account of the embryo- 

logical or oogenetic processes, though these are of equal import¬ 

ance with tire later phases of the Ontogeny. Even as regards the 

division into Orders, it is far from being free from reproach; for 

instance, the separation of the iJermaptera from the Orthoptera, 

while Ehynchota remains intact, although including a more 

extensive series of heterogeneous forms; the division of the 

Neuroptera into widely separated groups, each of which is treated 

as equivalent to the great Orders, such as Coleoptera (in which 

Strepsiptera are included), Hymenoptera, and Diptera, is not 

reasonable. The association of Mallophaga and Termitidae, while 

Hermaptera are separated from Orthoptera, is also undeniably 

arbitrary, and other similar disparities are to be seen on 
scrutinising the details of the system. 

On comparing the three arrangements we liaAm outlined, it 

will be seen that the chief discrepancies they present come 

under two heads : (1) ^fhe treatment ot the Heuroptei'a, opinions 

differing as to whether these Insects shall be grouped as a single 

Order, or shall be divided into numerous Orders; and as to what, 

if this latter course be adopted, the divisions shall be. (2) The 

treatment of the parasitic groups Mallophaga, Aphaniptera, etc. 



VI CLASSIFICATION 177 

It must be admitted that whichever of the three systems we 

have sketched he adopted, the residt is, as regards both these 

points, open to criticism. The Order Neuroptera, if we take it 

in the broad sense, differs from the other Orders in the greater 

variety of metamorphosis exhibited by its members; while if, on 

the contrary, it be dismembered, we get a number of groups 

of very unequal extent and not distinguished from one another 

b}' the same decisive and important characters as are the other 

Orders of which they are considered equiA’alent. The discrepancy 

exists in nature, and can scarcely be evaded by any system. A 

similar obseiA^ation may be made as to the parasitic groups, 

viz. Mallophaga, Anoplura, Aphaniptera, and Strepsiptera. If 

these be treated as separate Orders the result is not satisfactory; 

while, if they be associated with the larger groups to which they 

are respectively nearest allied, it is almost equally unsatisfactory. 

'We may mention that Packard and Brauer have in their 

treatises discussed the question of super-orders, aiul have gone so 

far as to propose names for them. These two authorities do not 

lioweA’er agree in their conclusions ; and as the names proposed are 

of little practical A'alue, and are but rarely met with, we need not 

explain them or discuss the comparative merits of the two systems. 

The divisions of inferior value to the Order are, after repeated 

scrutiny by mau}' naturalists, becoming of a more satisfactory 

character, and notwithstanding various anomalies, may be, many 

of them, considered fairly natural.^ Unfortunately entomologists 

have not been able to agree on a system of terminology, so that 

for these subdivisions terms such as sub-order, series, legion, 

section, tribe, etc., are used by different authorities in Avays 

so A'arious as to cause much confusion. In the folloAving pages 

the terms sub-order and series Avill be used in a someAvhat Augue 

.manner, the term suli-order being preferred Avhere the group 

appears to be an important one and of a fairly natural chai’acter, 

Avhile the Avord series Avill lie adoptetl Avhen the groiqjs are con¬ 

nected in a conA'entional manner. The designation “ family ” 

Avill be used for groups of subordinate importance; and as regards 

this term Ave may remark that systematic entomologists are 

niakino- g-enuine efforts to define the “ families ” in an accurate and 

comprehensible manner. The endeaA'our to make these systematic 

1 Tlie term natural is lierc employed in the empirical sense described by Brunner 

von AA'attenwyl, Kouv. Syst. Blattaircs, 1865, p. vii. 

VOL, V N 
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families dependent tliroughont the Class Insecta on characters of 

similar morphological value has, however, scarcely been entered 

on, and it is perhaps not desirable, seeing how very small a 

porticm of the Insects of the world have been critically examined, 

that much effort should Ije yet expended on an attempt of 

the kind. It must he admitted that the species of Insects should 

he obtained l)efore they can he satisfactorily classified, and it is 

estimated ^ that at least nine-tenths of the Insects of the world 

are still unknown to entomologists. 

Geological Record.—Although Insects have a very long 

pedigree, it is as yet a very imperfect one. The remains of 

creatures that can he referred to the Class Insecta have been 

found, it is said, in Silurian strata; only one or two of these 

very early forms are at present known, and the information 

about them is by no means satisfactory; if Insects at all—as 

to which some doubt exists—they apparently belong to very 

different forms, though, like all the earliest fossil Insects, they 

are winged. In the strata of the Carboniferous epoch numerous 

Insects have been detected, in l)oth Europe and Xorth America. 

These earlier Insects are liy Scudder called Palaeodictyoptera, 

and separated from the Insects around us on the ground that 

he considers there existed amongst these palaeozoic Insects no 

ordinal distinctions such as obtain in the existing forms, hut 

that the primeval creatures formed a single group of generalised 

Hexapods. Brauer does not accept this view, considering that 

the earlier Insects can he referred to families existing at the 

present time and forming parts of the Orthoptera, Xeuroptera, 

and Hemiptera. The discrepancy between these two authorities 

depends to a great extent on the diherent classifications of existing 

Insects that they start from; Scudder treating the wings as of 

primary importance, while Brauer assigns to them only a 

subordinate value. Erom the point of view taken in the present 

w(jrk Scudder’s view appears to he in the main correct, though 

his ex])ressi(jn as to the })rimary fossil Insects forming a single 

homogeneous group is erroneous. The Xeuroptera, still in exist¬ 

ence, certainly form a heterogeneous group, and it is clear that 

the Palaeozoic fossils represent a more diverse assemblage than 
the present Xeuroptera do.'^ 

’ Lord Walsingliani, Proc. Ent. Sue. London, 1889, p. l.xxx. 

" We may meutiou that fossil Insects are chiefly determined from their wing- 
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Tn the more recent rocks Insect remains become compara¬ 

tively nnmerous, and in Mesozoic strata forms that can satisfac¬ 

torily he referred to existing Orders are found, tlie Palaeodicty- 

optera of Cfoldenherg and Scudder having mostly disappeared; 

the Blattidae or cockroaches do not apparently present any great 

discontinuity between their Palaeozoic and Mesozoic forms. The 

Tertiary rocks afford iis fairly satisfactory evidence to the effect 

that Insects were then more numerous in species than they 

are at the present day. At Florissant in Colorado the bed 

of an ancient lake has been discovered, and vast (quantities of 

Insect remains have been found in it, the geograqihical conditions 

indicating that the creatures were not brought from a distance, 

hut were the natural fauna of the locality; and if so we can 

only conclude that Insects must have been then more ahundant 

in species than they are now. 

>Scudder has informed us ^ that not only were Insects ahundant 

in the Tertiaries, hut that their remains indicate conditions of 

existence very similar to what we find around us. “ Certain 

qieculiarities of secondary sexual dimorphism accompanying 

special forms of communistic life, such as the neuters and workers 

in HymenoqAera and the soldiers among the Termitina, are also 

found, as would be exq^ected, among the fossils, at least through 

the whole series of the Tertiaries. The same may he said of 

other sexual characteristics, such as the stridulating organs of the 

Orthoptera, and of peculiarities of oviposition, as seen in the 

huge egg-caqisules of an extinct Sialid of the early Tertiaries. 

The viviparity of the ancient Aqihides is suggested, according to 

Buckton, by the appearance of one of the sqjecimens from the 

Oligocene of Florissant, while some of the more extraordinary 

forms of qDarasitism are indicated at a time equally remote by the 

occurrence in amber of the triunguliii larva oi Meloe, already 

alluded to, and of a characteristic strepsipterous Insect; not only, 

too, are the qjresent tribes of gall-making Insects ahundant in the 

Tertiaries, hut their galls as well have been found.” 

Temains, wliicli are often surprisingly perfect. This is one of the reasons that have 

induced us to prefer a classification of Insects in which the nature of the wings is 

considered of great value. It would be impossible to refer fossil Insects to groups 

that are established on account of the metamorphosis or of the internal structure of 

their components, for there is not yet any evidence on either of these points in the 

fossil remains preserved for us by the rocks. 

1 Bull. U.S. Geol. Survey, No. -31, 1886, p. 109. 



CHAPTER VII 

THE ORDEIl APTERA-DEFINITION-THIEF CHARACTERISTICS- 

THYSANURA-CAMPODBA-JAI’YX-MACHILIS-LEPISMA- 

DIVERSITY OF INTERNAL STRUCTURE IN THYSANURA-ECTO- 

TROPHI AND ENTOTROPHI - COLLEMBOLA - LIPURIDAE - 

PODURIDAE-SMYNTHUKIDAE-THE SPRING-THE VENTRAL 

TUBE-ABDOMINAL APPENDAGES-PROSTEMMATIC ORGAN- 

TRACHEAL SYSTEM-ANURIDA MARITIMA-COLLEMBOLA ON 

SNOM'-LIFE-HISTORIES OF COLLEMBOLA-FOSSIL APTERA- 

APTERYGOGENEA-ANTIQUITY AND DISTRIBUTION OF CAMPODEA. 

Order I. Aptera. 

Small Insects with iveak outer sJdn, destitute throucihout life of 

winrjs or their rudiments, hut with, three pairs of let/s ; an¬ 

tennae large or moderate in size. 

The above definition is the only one that can at present he 

framed to apply to all the Insects included in our Aptera. 

Unfortunately it is far from diagnostic, for it does not enable 

us to distinguish the Aptera from the larvae or young indi¬ 

viduals of many Insects of other Orders. There are, lu)\vever, 

certain characters existing in many s})ecies of A})tera that enable 

their possessors to be recognised M'ith ease, though, as they are 

quite wanting in other meml)ers, they cannot correctly be in¬ 

cluded in a definition applying to the whole of the Order. 

AVe are thus l)r()ught in view' of tw'o of the most im]>ortant 

generalisations connected with the A])tera, viz. that these Insects 

in their external form remain throughout their life in a condition 

resend )ling tlie larval state of other Insects, and that they never¬ 

theless ex]iil)it extreme A'aricty in structural characters. 

d'he more important of the special characters alluded to above 
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as lieing possessed liy some but not by all members of the Order 

are (1) a remarkable leaping apparatus, consisting of two 

elongate processes at the under side of the termination of the 

l.)ody; (2) a peculiar ventral tube, usually seen in the condition 

of a papilla with invaginated summit, and placed on the first 

abdominal segment (see Fig. 100, p. 194); (3) the scales cover¬ 

ing the body; (4) the existence of abdominal appendages in the 

form of long cerci or processes at the termination of the body, or 

of short processes on the sides of the under surface of the abdominal 
segments. 

Throughout the Order the general shape approximates to 

that of a larva; this is shown by the diagrammatic section of 
the body of Machilis 

There is a 

rings 

(Fig. 90). 

succession of 

differing little from 

one another, except 

so far as the head is 

concerned; even the 

Fig. 90.—Section of body of J/ac/w7is .- o, oviiiositor. 
(After Oudemans.) 

division of thorax from abdomen is hut little evident, and 

although in some of the forms the three thoracic segments may 

differ considerably among themselves, yet they never assume the 

consolidated form that they do to a greater or less extent in the 

imago stage of the other Orders. Fig. 90 shows the larva-like 

structure of the body, and also exhibits the inequalities in size 

between some of the dorsal and the corresponding ventral plates. 

This phenomenon is here displayed only to a small extent, so 

that the true relations of the dorsal and ventral plates can be 

readily detected; but in the higher Insects want of correspond¬ 

ence of this kind may be much more extensive. 

The respiratory system is in many of these Insects very 

inferior in development, and may even he, so far as tracheae and 

spii’acles are concerned, entirely absent, Imt in other memhers of 

the Aptera it is well developed. In the other internal organs 

there is also great variety, as there is in the external structure. 

A Iirief explanation as to the term Aptera, which we have 

adopted as the name of this Order, is necessary. This name was 

used by Linnaeus for our Insects, but as he associated with them 

various other heterogeneous forms which were afterwards 
O 

separated, his “ Aptera ” became completely broken up and ceased 
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to Ije recognised as an Order of Insects. The term was, how¬ 

ever, revived hy Haeckel and Balfonr several years since, and 

applied quite properly to the Insects we have in view. Suhse- 

(piently I’ackard and Brauer, reccjgnising the claims of these 

Insects to an isolated position, ])roposed for them the names 

Synaptera and Apterygogenea, and Packard has also u.sed the 

term Cinura. There is, Injwever, clearly an advantage in 

retaining the termination “ ptera ” for each of the Orders of 

Insects; and as the fact that “ Aptera ” of Linnaeus included 

many Insects is not a sufficient reason for refusing to ap])ly the 

term to a portion of the forms he used it for, we may, it is clear, 

make use of the Linnaean name with propriety, it being ex})licitly 

stated that the Order does not include hy any means all the 

apterous forms of Insects. 

The Order includes two sub-orders, A'iz. (1) Thymimra, in 

which the hind body (abdomen) is composed of ten segments, and 

there is no ventral tube on its first segment; and (2) CoUemhoIa, 

in which the hind body consists of not more than .six segments, 

the first of which is furnished Ijeneath with a peculiar tube 

or papilla. 

Thysanura. 

Our knowledge of this important sub-order has been re¬ 

cently much increased by the works of Grassi^ and Oudemans.^ 

Very little is known, however, of the extra-European forms, 

there being great difficulties in the way of collecting and pre¬ 

serving specimens of these Insects in such a way as to render 

them available for study and accurate comparison. Grassi and 

Eovelli® recognise four families among the few European species of 

Thysanura, viz. Campodeidae, Japygidae, IMachilidae, Lepismidae. 

Campodeidae is perha]>s limited to a single species, only one 

having been satisfactorily established, though several descriptions 

have been made of what are supposed to be other species. 

This Insect (CafiquHlea staphylinus) is, so far as external form 

goes, well known, from its having been figured in many works 

on natural history on account of its having been supposed to be 

* Mem. Acc. Lined Roma (4), iv. 1888, p. 543, etc., and other preceding iiiernoirs 

mentioned therein. 

^ liijdr. Dierlmndc, xvi. 1888, jip. 147-227. 

^ Natural Licil, i.K. 1889, [>11. 2.5, etc. 
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the nearest living representative of a primitive or ancestral 

Insect. The creature itself is but little known even to 

entoniologiscs, although it is one of the commonest of Insects 

over a large part of Europe. It is numerous in the gardens 

and fields about London and Cambridge, and abounds in damp 

deca}ung wood in the Kew Eorest; if there be oulp one 

species, it must possess an extraordinary capacity for adapting 

itself to extremes of climate, as we have found it at midsummer 

near the sliores of the Mediterranean in company with the sub¬ 

tropical white ants, and within a day or 

two of the same time noticed it to he 

abundant on the actual summit of Mount 

Canigou, one of the higher Pyrenees, 

where the conditions were almost arctic, 

and it was nearly the only Insect to he 

found. The species is said to exist also 

in Eorth America and in East India. It 

is a fragile, soft Insect of white colour, 

bending itself freely to either side like a 

Myriapod; the legs are rather long, the 

antennae are long and delicate, and the 

two processes, or cerci, at the other ex¬ 

tremity of the body are remarkably similar 

to antennae. It has no eyes and shuns 

the light, disappearing very quickly in the 

earth after it has been exposed. If placed 

in a glass tube it usually dies speedily, 

and is so extremely delicate that it is 

difficult to pick it up even with a camel’s 

hair brush without breaking it; so tliat 

we may fear it to he almost hopeless to 

get enough specimens from different parts 

of the world to learn what differences 

may exist amongst the individuals of this 

so-called primitive Insect. Meinert, a very able entomologist, 

considers that there is really more than one species of Gampodea 

Campodeidae as a family may he briefly defined as Thysanura 

with the trophi buried in the head and with the body terminated 

by antenna-like processes. Mffi shall consider some of the ana¬ 

tomical peculiarities of this interesting Insect after we have 

Fig. 91.—Campodea staphy- 
linus. (After Lubbock, 

X 15.) 
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Lrietly reviewed some of the external characters of the other 
Thysanura. 

The second family (Japygidae) consists of one genus Japyx, of 
which there are, no doultt, several different species in various 
parts of the world, sucli having already Ijeen detected in tropical 
Africa, in Malasia, and in Mexico, as well as in Madeira and 
Europe. The commoner species of the latter continent, Japyx 
solifugus, lives in moss or in sliady places on the edges of woods. 
It possesses a great reseml dance to a newly-hatched earwig, and 
the writer has found it in France under a stone in company with 
a number of the tiny creatures it was so much like. This sj^ecies 
lias been found as far north as Paris, hut has not lieen met with 
in Britain. The family Japygidae is, like the Campodeidae, 
entotrophous, and is distinguished liy the body being terminated 
behind liy a pair of forceps instead of antennary organs. 

The other two families of Thysanura, Machilidae and Lepis- 
midae, are ectotrophous—that is, the parts of the mouth are not 
hiu’ied in the head, hut are arranged in the fashion usual in 
mandihulate Insects. 

Only one genus of IMachilidae is known, hut it is no doubt 
very numerous in species, and proliahly is distributed over 
most of tlie globe. Macliilis maritiina is common in some 
places on the coast of England. Another species (J/. polypoda) 
occurs amongst dead leaves in the New Forest, and we have also 
observed a species of the genus under the loose stones that 
frequently form the tops of the “ dykes ” or piled walls in Scotland. 
In more southern Europe species of MacJiilis are commonly met 
witli on the perpendicular faces of very large stones or rocks, 
over which tliey glide with wonderful facility. The scales on 
tlie liodies of these rock-inhahiting species form pretty patterns, 
hut are detached with such facility that it is almost impossible 
to obtain specimens in satisfactory condition for examination. 

In Machilidae the dorsal plates of the hiiul body are retlexed 
to the under surface so as to form an imbrication covering the 
sides of the ventral plates, and the eyes are largely developed; 
liy which characters the family is distinguished from the 
L(q)ismidae. Tlie pair of large compound eyes (Fig. 92, O') is a 
rmnarkahle feature, being indeed unicpie in the Aptera. The 
structures {0,0') tliat Oudemans cmisiders to he sinqJe eyes have, 
in external appearance, a resend)lance to the fenestrae of the 
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Blatticlae; GJ-rassi states, however, that not only are they eyes, 

but that they are of almost nniqne strncture, being, in fact, 

intermediate between simple and compound eyes. 

The mode of development of the compound eyes of Macliilis 

is of considerable interest, but unfortunately very little is known 

about it, even the period at which the eyes appear being imcertain. 

J ndging from anah )gy with the • Orthoptera, we should suppose 

them to be present when the Insect leaves the egg, and Oudenians 

apparently considers this to be the case, but Eolivar states ^ that 

Fig. 92. —Head of Machilis inari- 
tima (after Oudenians) : A, base 
of antenna ; C, clypeus ; F, ver¬ 
tex ; P, fold ; 0, eye ; 0, o', .sup¬ 
posed simple eye ; J/, mandible ; 
m, maxilla ; L, upper lip ; I, lower 
lip ; T, portion of maxillary palp ; 

t, of labial palp. x 20. 

Fig. 93. — Lepisma dncta. (After 
Oudenians.) x 4. (The line indi¬ 
cates the natural length.) 

in the early stages of Maclalis the eyes are only simple eyes; 

these being replaced by compound eyes in the later life. The 

writer has observed vei’y young individuals ol Jllcicliilis 'polypodci, 

and found the eyes to be evidently compound. 
The remaining family of Thysanura, the Lepismidae, is in 

certain respects the most highly developed ot the Order. Ihe 

covering of scales found on the body is very remarkable in some 

of the species, especially in the genus Lepisma (Fig. 93, L. 

cimta)] the thoracic segments are different from one another 

' Ann. Soc. ent. France, 1892, p. 34. 
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and from those of the abdomen, and the tracheal system is more 

highly developed than it is in the Machilidae. Several genera 

are known, Init only two mend)ers of the family have yet been 

detected in Ilritain. One of them (Lejnsma saccliarina), occurs 

only in houses, and is sometimes called the silver fish; it is, 

when full grown, less than half an inch long, and is covered with 

scales that give it a feeldy metallic lustre. Like the other 

Thysanura, its movements ai’e very perfect. Tt is said that it is 

occasionally injurious by nibbling paper, hut the writer’s observa¬ 

tions lead him to doubt this; its usual food is doubtless fai’in- 

aceous or saccharine matter. Tlurmohia furnorum, our other 

British Lepismid, has only recently l:)eeu discovered; it is found 

in bakehouses at Cambridge and elsewhere. The bakers call 

these Insects fire-brats, apparently considering them to he fond 

of heat. 

Much valuable information as to the anatomy of Thysanura 

has been oljtained by Grassi and Oudemams, and is of great 

interest. Taking four genera, viz. Carnpodea, Jcqnjx, Machilis, 

and Lepisma, to represent the four families constituting the 

sub-order, we will briefl}' enumerate some of the more remarkable 

of the characters of their internal anatomy. Camp odea has a 

very inferior development of the tracheal system; there are three 

pairs of spiracles, which are situate on the thoracic region; 

the tracheae connected with each spiracle remain distinct, 

not uniting with those coming from another spiracle; there are 

thus six separate small tracheal systems, tliree on each side 

of the body. Japyx solifugus has eleven pairs of spiracles, of 

which four ai’e thoracic; the tracheae are united into one system 

on each side by means of lateral tul)es; thus there are two 

extensive tracheal systems situate one on each side of the body, 

there l)eing a single transverse tulxy placed near the posterior 

extremity, uniting the two lateral systems. In Jfachilis there 

are nine |)airs of stigmata, two of them thoracic, seven abdominal; 

the tracheae from each S])iracle remain unconnected, so that there 

are eighteen separate tracheal systems, some of which are con¬ 

siderably more developed than other,s. The Lepismidae have 

ten ])airs of stigmata, and the tracheae connected with them are 

completely united into one system by longitutlinal and transverse 

tubes. Besides these differences there are others, of considerable 

importance, in the p<.)sition of the stigmata. 
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All the Thysanura possess salivary glands. In Campodea 

there are about sixteen extremely short Malpighian tubules, or 

perhaps glands representing these organs; Jcqjyx is destitute 

of these structures; Macliilis maritivia has twenty elongate 

tubules; in Lepisma also they are long, and apparently vary in 

nunil)er from four to eight in different species. The propor¬ 

tions of the three divisions of the alimentary canal differ 

extremely; there is a very large proventriculus in Lepisma, hut 

2iot in the other families; coecal diverticula are present on the 

anterior part of the true stomach in Machilis and in Lepisma, 

but are wanting in Camqwdea and in Japyx. 

The dorsal vessel seems not to present any great differences 

in the sub-order. Grassi says there are no alary muscles present, 

but Oudemans describes them as existing in Machilis, but as 
being excessively delicate. 

The -^'entral chain of nerve-ganglia consists in Campodea of 

one cephalic ganglion, one sub-oesophageal (which clearly 

belongs to the ventral series of ganglia), three thoracic, and 

seven al)dominal. In the other families there are eight instead 

of seven abdominal ganglia. 

The structure of the internal sexual organs is very remark¬ 

able in the Thysanura. In Campodea there is one extremely 

large, simple tube on each side of the body. In Japyx there are 

seven small tubes on each side, placed one in each of the suc¬ 

cessive alxlominal segments, and opening into a common duct. 

In Machilis there are also seven tubes opening into a common 

duct, but the arrangement is no longer a distinctly segmental one. 

In Lepisma there are five egg-tubes on each side, the arrange¬ 

ment being segmental in the young state but not in the adult 

condition. In Campodea nutrient cells alternate with the eggs 

in the tiibes, but this is not the case in the other families. 

Tig. 94 shows the ovaries in three of the Thysanura; in the draw¬ 

ing representing this part in Machilis (C), one of the two ovaries 

is cut away for the sake of clearness. 

The male organs in Campodea are very similar in size and 

arrangement to the ovaries, there being a single large tube 

or sac and a short vas deferens on each side of the body. In 

Japyx there is a sac on each side, Init it is rendered doul.)le by 

a coecum at its base, and there are long and tortuous vasa 

deferentia. In Jjcpisma there are three pairs of coeca on each 
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side, seginentally ])liice(l and opening into a common dnct. 

In there are' three retort-sha])ed sacs on each side open¬ 

ing near one another into a common dnct, the vasa deferentia 

are elongate, and are very cnrionsly formed, Ijeing each douljle 

for a consideralde length, and the separated portions connected 

at intervals hy five transverse commissnral ducts. 

One of tl)e characteristic featnres of Insect structure is the 

restriction of articulated legs to the thoracic region. In the 

Thysanura there exist ap- 

f! \ pendages occupying a posi¬ 

tion on the hind hody some¬ 

what similar to that of the 

legs on the thorax. These 

appendages are cj[uite small 

l)odies, and are placed at the 

hind margins of the ventral 

plates of the abdomen, one 

near each side ; they are con¬ 

nected hy a simple joint to 

the sternite and are provided 

with muscles. They are 

found in Campodea on seg¬ 

ments 2 to 7 ; in Lepisrna 

on 8 and 9, in the allied 

Xicoletia on 2 to 9 ; hi Japyx 

on 1 to 7, being, how¬ 

ever, more rudimentary than 
they are in Campodea. In Machilis they attain perhaps their 

greatest development and exist on segments 2 to 9 ; more¬ 

over, in this genus such appendages occur also on the coxae of 

the second and third pairs ot thoracic legs. Oudenians thinks 

they help to su])])ort the abdomen, and that they also assist 

in leaping; Clrassi considers that they are supporting agents to 

some extent, hut that they are essentially tactile organs. He 
calls them false legs “ rseud()zam])e.” 

Still more renau’kahle and ohscure in function are the vesicles 

lound near the a])pendages; we figure a pair after Oudenians, 

showing them in the exserted state. In the retracted state the 

outer ])ortion of the vesicles is withdrawn into the basal part P 

(Fig. 9.7), so tliat the vesicles are then only just visible, heino- 

Fig. 94.—Ovaries of Thysanura : A, of Cam- 
podea ; B, of Japyx ; C, of J/ac/oZis. (After 
Grassi and Oudenians.) 
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concealed hy the V'entral plate. The alxlominal appendage is not 

retractile. In Macliilis there are twenty-two of these vesicles, 

arranged either two or four on one ventral plate of the hind 

body. They are also present in Gavipodea, where tliere are six 

pairs. They are usually said to he absent 'in Japyx and in 

Lepisma, hut Haase shows ^ that Japyx possess a pair placed 

behind the second ventral plate of the abdomen. The vesicles 

appear to be exserted by the entrance of blood into them, and to 

be retracted by muscular agency. Much difference of opinion 

prevails as to their function; it appears probable that they may 

be respiratory, as suggested by Oudemans. 

The scales found on the bodies of the Ectotrophous Thysanura 

may he looked on as modified hairs, and are 

those of the Lepidoptera, and they drop off 

as readily as do those of the Lepidoptera. 

Stummer-Traunfels, who has recently 

published ^ the results of his researches on 

the mouth-organs of Thysanura and Col- 

lemhola, confirms the division of the 

Thysanura into Entotrophi and Ectotrophi, 

and considers that the Collemhola agree 

with the former group. The German 

author therefore proposes to divide our 

Aptera, not into Thysanura and Collemhola, 

Init into Ectognathi and Entognathi, the 

former group consisting of Machilidae and 

Lepismidae, the latter of Campodeidae, 

Japygidae and the various families of 
Collemhola. We think it far more natural, however, to retain 

the older division into Thysanura and Collemhola. 

essentially similar to 

Fig. 95.—Abdominal appen¬ 
dage and e.xsertile vesi¬ 
cles of Macliilis. n, 
appendage ; V, vesicles 
protruded ; P, basal por¬ 
tion ; i?, muscles, x 70. 

Collembola. 

The sub-order Collemhola, which we have defined on p. 182, 

consists of small Insects, many of which possess the capacity of 

leaping, or springing suddenly, and when disturlied or alarmed 

naturally make use of this means of escaping. Their leaps, how¬ 

ever, appear to he made quite at random, and very frequently do 

2 SB. Ah Wien, c. 1891, Abtli. I. p. 216. * Morph. Jahrh. xv. 1889, p. 363. 
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not have the result of taking the creature into concealment, and 

in such circumstances they may he rapidly and frecpiently 

repeated until the Insect feels itself, as we may suppose, in a 

position of safety. Three families may l)e very readily dis- 

tingnished, viz. (1) Lipuridae, in which no leaping apparatus is 

present; (2) Toduridae, a leaping a})paratus exists near the ex¬ 

tremity of the ahdomen ; tlie body is suhcylindric and evidently 

segmented; (3) Smynthnridae, a lea})ing apparatus exists : tlie 

body is sub-globular with comparatively large head and alxlomen, 

the interveiung thoracic region Ijeing small; the segmentation of 

the body is ol)scure. 

The study of the Collemhola is much less advanced than that 

of the Thysanura, comparatively little having been added to our 

knowledge of the group since Lubbock’s monograph of the 

British forms was pul)lished by the Bay Society in 1873. Why 

the Collemhola should be neglected when the Thysanura attract 

so much attention is as inexplicable as many other fashions are. 

The family Lipuridae consists of a few very small and obscure 

Insects of soft consistence. They move slowly, and, owing to the 

absence of any leaping power, attract atten¬ 

tion less readily than the other Collemhola 

do. Two genera are generally recognised, 

and they should probably form separate 

families; indeed, in Lubbock’s arrangement- 

they do so. In one of the genera {Anoura) 

the mouth is very imperfect, no mandibles 

or maxillae having been detected, while in 

the other genus {Lipura) these organs exist. 

In the members of the family I'oduridae, 

including the Degeeriidae of Imbbock, a 

.saltatory apparatus is present in the form 

of a;)pendages attached to the fifth alxlomi- 

nal segment (Degeeriides), or to the fourth 

Fro. m.—Lipwra hwr- (I’otlurides). These appendages are during 
meisien. (Alter Lub- pjp Hexed beneath the Itody, but in dead 
Bock.) . -Ill 

specimens usually project backwards, having 

the a])pearanee of a l»itid tail. Boduridae are of elongate form, 

somewhat like small caterpillars, and are frequently prettily 

marked with variegate colours. Fig. 97 represents an arctic form 

closely allied to our native genus Isotoma. 

I 
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The peculiar shape of the members of tlie Smynthuridae is 

sufficient lor their identification. They possess a very convex 
abdomen, and very near to it 

a large head, the intervening 

chink being occupied by the 

small thorax. The segmenta¬ 

tion of the body is not easily 

distinguished. Nicolet states 

that the thorax consists of 

three segments and the abdo¬ 

men of the same number, and 
that when the Insect emerges Fig. %7.—Corynothrix hormlis: a, ventral 

Iroin the egg these divisions r 0 \ o; 

can be perceived. In after life the posterior part of the thorax 

becomes amalgamated with the abdomen, so that it is difficult to 

trace the divisions, but there appears to be no information as to 

the nianner in which this change occurs. 

Some of these minute Insects frecpient 

trees and bushes, and their leaping powers 

are very perfect, so that it is difficult to 

capture them. The family includes both 

the Smynthuridae and the Papiriidae of 

Lubbock. 

The two most characteristic organs of 

the Collembola are the spring and the 

ventral tulie. The first of these is an 

elongate structruc attached to the under¬ 

side of the abdomen near its extremity, 

either on the penidtimate or ante-penulti¬ 

mate segment. It consists of a basal 

])art, and of two appendages attached 

thereto. It is carried under the Insect 

bent forwards, and is retained in this 

position by means of a catch which pro¬ 

jects from the under surface of the third 

segment of the body, descending lietween 

the two branches of the spring, and pass¬ 

ing under the extremity of its basal seg¬ 

ment. It is considered that the spring is elastic, is flexed under 

the body by muscular action, and, being retained in this position 

Fig. 98. —Smynthurus xurie- 
gatus, with .spring ex¬ 
tended. (After Tiillberg.) 
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of restraint l)y the catch, when the latter is renioved the spring 

extends hy reason of its elasticity, and the leap is thus executed. 

Whether this is really the exact method of leaping is, however, 

doubtful, for Lubbock says that the catch “ only exists in certain 

genera ”; while in its structure it does not appear to be well 

calculated to retain in position an organ that hy virtue of its 

elasticity is constantly exerting a considerable force. 

The ventral tube is an anomalous and enigmatic structure. 

In the lower forms, such as Lvpura or Anurida, it consists merely 

of a papilla (Fig. 100, A, a) more or less divided l)y fissure into two 

parts. In the Smynthuridae it is more highly developed, and 

protects two long delicate tubes that are capable of being 

protruded, as shown in the outline profile of Smyntlmrus fuscus 

(Fig. 99), which is taken from specimens preserved in balsam hy 

Mr. J. J. Lister. The nature and use 

of this ventral tube have given rise to 

much discussion. Lubbock considered, 

and others have agreed, with him, that 

it serves to attach the Insect to bodies 

to which it may he desiralde the Insect 

should, when in the perpendicular posi¬ 

tion, adhere. Ileuter ^ assigns a cj^uite 

different function to this singnlar struc- 
Fig. ^J>.—Sinyatimrus fiiscus, He states that the hairs of the 

With exsertile ve-sicle [a) pro- 
traded from ventral tube; body are liygi’oscopic, and that the 
h. the spring extended. peculiar claws of the Iiisect having 

collected the moisture from the hairs, the ventral tube becomes 

the means of introducing the li(ptid into the body. These Insects 

possess, however, a mouth, and there seems to be no reason why 

a complex a])paratus sh(,)uld be rerpiired in addition to it for so 

simple a purjiose as the introduction of moisture to the interior of 

the Itody. Haase finds ’ that Collembola can crawl on glass 

without the aid of the ventral tube; he considers its function 

to be physiological, and that it may ]n'obably l.)e respiratory as it 

has been suggested is the case with the vesicles of Thysanura. 

The function of the ventral tube is certainly not yet satisfac¬ 

torily elncidated. The vesicles contained in it are said to be 

extruded by blood-])ressnre, and withdrawn by muscular action 

in a manner similar to that which we have described as occurring 

- Moiyhol. Jahrb. xv. 1888, p. 361. 1 Ent. Tidsl-r. i. 1880, p. 159. 
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ill the case of the exsertile vesicles of the Thysanura. The })ro- 

cesses in Smyntlmrtis hear glandular structures at their ex¬ 

tremities. It has been suggested that the ventral tube of Collem- 

hola is the honiologue of a pair of ventral appendages. The term 

Collophore has been applied to it somewhat prematurely, seeing 

the doubt that still exists as to its function. 

Some of the Collembola possess a very curious structure 

called the prostemmatic or ante-ocular organ; its nature and 

function have been very inadequately investigated. The ocular 

organs of the Collembola consist, when they are present, of 

isolated ocelli placed at the sides of the head like the corre¬ 

sponding organs of caterpillars; the prostemmate is placed 

slightly in front of the group of ocelli, and has a concentric 

arrangement of its parts, reminding one somewhat of the com¬ 

pound eyes of the higher Insects. This structure is represented 

in Tig. 100, B, C ; it is said by Sir John Lubbock to be present 

in some of the Lipuridae that have no ocelli, and he therefore 

prefers to speak of it as the “ post-antennal ” organ. 

A very characteristic feature in the Collembola is the slight 

development of the tracheal system. Although writers are far 

from being in accord as to details, it seems that stigmata and 

tracheae are usually absent. In Sinyntliurus there are, however, 

according to Lubbock,—whose statement is confirmed by Meinert 

and Tullberg,—a pair of stigmata situate on the head l^elow the 

antennae, and from these there extends a tracheal system through¬ 

out the body. Such a position for stigmata is almost, if not 

quite unique in Insects; Grassi, however, seems to have found 

something of the kind existing in the embryo of the bee. 

At present only a small numljer ol species of the Order 

Aptera are known; Lubbock recognised about sixty British 

species, and Finot sixty - five as found in Trance. The North 

American forms have not received so much attention as the 

European, and tlie Aptera of other countries, though they are 

probably everywhere fairly numerous, are scarcely known at all. A 

few have been described from the Indo-Malayaii region and some 

from Chili, and the writer has seen species from the West Indian 

and Sandwich Islands. All the exotic lorins as yet detected are 

very similar to those of Europe. 
The Thysanura are probably not very numerous in species, and 

appear to be in general intolerant ot cold. With the Collembola 

VOL. V 0 
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the reverse is the case. They are excessively numerous in 

individuals; they are found nearly everywhere on the surface of 

the ground in climatic conditions like those of our country, 

while no less than sixteen species have Ijeen found in X(n’a 

Zenilda and one each in Kerguelen and South Georgia. One 

species, if not more, of Foctura, lives on the siu’face of stagnant 

waters, on which the minute creatures may frerpiently he seen 

leaping about in great numbers after Ijeing disturbed. 

In 1874 the plain of Gennevilliers in France was copiously 

irrigated; in the following year the soil was still very damp, and 

there existed numerous pools of stagnant water, on the surface 

of which Podura aquatica was developed in such prodigious 

quantity as to excite the astonishment of the inhabitants of the 

region. 

Accounts have been frequently given of the occiuTence on 

snow and glaciers of Insects spoken of as snow-fleas, or snow- 

worms. These mostly relate to Poduridae, which are sometimes 

found in coiintless number in such situations. The reason for 

this is not well understood. According to F. Low,^ on the 17tla 

of March at St. Jacob in Carinthia, Parson Kaiser observed, on 

the occurrence of the first thaw-weather, enormous numbers of a 

Podura (? Achorutes viuroi'um) on the surface of the snow for an 

extent of about half a mile, the snow being rendered black in 

appearance by them; eleven days afterwards they were found in 

diminished numbers on the snow, but in large C[uantity on the 

water left by its melting. This account suggests that the 

occurrence of the Insects on the snow was merely an incident 

during their passage from the land, where they had been 

hibernating, to the surface of the Avater. 

One little member of the Lipuridae, Annrida maritima 

{Lipura maritima of L\fl )bock), has the habit, A'ery unusual for an 

Insect, of frequenting salt water. It lives amongst the rocks on 

the shores of the English Channel, between high and low tide- 

marks. Its habits liave been to some extent observed by 

LahoulltGie ^ and IMoniez ® ; it appears to he gregarious, and when 

the tide is iiigh, to shelter itself against the commotions of tlie 

water in chinks of the rocks and other positions of advan¬ 

tage. Mdien the tide is out the Insects ap})arently delight to 
1 Vcrh. zool.-hot. Ges. Wien., viii. 1S58, p. 564. 
* Ann. Soc. ent. France, 4th ser. iv. 1SG4, p. 705. 
^ Rev. hiol. Nord France, ii. 1S90, p. 347. 
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Fig. 100.—Annrida maritima : A, iinder- 
surl'ace ; a, papilla of ventral tube ; B, 
prostemmatic organ of young; C, of 
adult. (After Laboulbeue.) 

congregate in masses on the surface of tlie rock pools. This 

Amcridci can endure prolonged immersion; hut lioth the ob¬ 

servers we are quoting say that it is, when submerged, usually 
completely covered with a coat 

of air so that the water does not 

touch it. The little creature 

can, however, it would appear, 

subsist for some time in the 

pools of salt water, even when 

it is not surrounded bj^ its 

customary protecting envelope 

of the more congenial element. 

Its food is said, on very slender 

evidence, to consist of the re¬ 

mains of small marine animals, 

such as IMolluscs. We repro¬ 

duce some of Laboulbene’s 

figimes (Fig. 100); the under-surface shows at a the divided pap¬ 

illa of the ventral tube ; B, C represent the peculiar prostemmatic 

organ, alluded to on p. 193, in its mature and immature states. 

’\"ery little information exists as to the life-history of the 

Aptera; as for their food, it is generally considered to consist of 

refuse vegetable or animal matter. It is usual to say that they 

are completely destitute of metamorphosis, but Templeton says of 

Lepisma niveo-fasciata that “ the young differ so much from the 

mature Insect that I took them at first for a distinct species; the 

thoracic plates are proportionately less broad, and the first is 

devoid of the white marginal band.” As regards the moults, it 

wordd appear that in this, as in so many other points, great 

diversity prevails, Grass! stating that in Carnpodea there is a 

single fragmentary casting of the skin ; and Sommer informing us 

that in Macrotoma plumbea the moults are not only numerous, 

but continue, after the creature has attained its full growth, 

throughout life. 

A very marked feature of the Aptera is their intolerance of a 

dry atmosphere. Although Carnpodea can exist under very 

diverse conditions, it dies very soon after being placed in a dry 

closed tnlie; and the same susceptibility appears to be shared by 

all tlie other members of the Order, though it is not so extreme 

in all; possibly it may be due to some peculiarity in the structure 
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of the integuiueiit. So far as tolerance of heat and cold goes, 

the Aptera can api)arentl}' exist in any climate, for tliough some 

of tlie species extend to the Arctic regions, others are pecnliar to 

the tro})ics. 

Tliysannra are recorded hy Klelrs and Scndder as occurring • 

commonly in amber; the latter author has described a fossil, 

supposed to he a Leinsma, found in the I’ertiary deposits at 

Florissant. Scndder has also descril)ed another fossil, likewise 

from Florissant, wliicli he c(jnsiders to form a s})ecial suij-order of 

Thysanura—BallosUnna—hut it is extremely doubtful whether 

this anomalous creature should Ije assigned to the Order at all. A 

still older fossil, Basyleptus lucasii Brongniart, from the Carbon¬ 

iferous strata in France, is considered to belong to the Order 

Aptera, but it must be admitted there is some doubt on this 

point. 

The interest aroused in the minds of naturalists liy the 

comparatively simple forms of these purely wingless and therefore 

anonmlous Insects has been accompanied Ijy much discussion as to 

their relations to other Insects, and as to whether they are 

really primitive forms, or whether they may perhaps l)e degenerate 

descendants from some less unusual states of Insect-life. Mayer 

and Brauer dissociated our Aptera entirely from other Insects, 

and proposed to consider the Hexapoda as being composed of two 

groups—(1) the Apterygogenea, consisting of the few species we 

have l^een specially considering; and (2) the Bterygogenea, includ¬ 

ing all the rest of the immense crowd of Insect forms. They 

were not, however, able to accompany their proposed division by 

any satisfactory characters of distinction, and the subsequent 

progress of knowledge has not supported their view, all the best 

investigators having found it necessary to recognise the extremely 

intimate relations of these Insects with the Orthoptera. Meinert 

thought that Lepisina must l)e included in the Orthoptera; Grassi 

proposes to consider the Thysanura as a distinct division of 

Orthoptera; and Oudemans recognises the close relations existing 

l)etween ^[aeli'ilis and Orthoptera proper. Finot includes the 

Aptera in his Orthoptcres de la France, and a species of Japyx 

lias actually been described by a competent entomologist as an 

apterous earwig. At present, therefore, we must conclude that 

no good distinction has been found to justify the separation of 

the Aptera from all other Insects. 
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The taxonomy of the Collemljola has not yet been adequately 

tretited, and it is possible that more grounds will be found 

for separating them as a distinct Order from the Thysanura,—a 

course that was advocated by Lulilioclv,—than exist for dividing 

these latter from the Orthoptera proper. There are apparently no 

grounds for considering the Aptera to lie degenerate Insects, and we 

may adopt the view of Grassi, that they are primitive, or rather 

little evolved forms. It must he admitted that there are not at 

present any sufficient reasons for considering these Insects to he 

“ ancient ” or “ ancestral.” The vague general resemblance of Cavi- 

poclea to many young Insects of very different kinds is clearly the 

correlative of its simple form, and is no more proof of actual 

ancestry to them than their resemblances inter se are proofs of 

ancestry to one another. But even if deprived of its claim to 

antiquity and to ancestral honours, it must he admitted that 

Cam-podea is an interesting creature. In its structure one of the 

most fragile of organisms, with a very feeble respiratory system, 

inadequate organs of sense, only one pair of ovarian tubes, very 

imperfect mouth-organs, and a simple alimentary canal, it 

nevertheless flourishes while highly-endowed Insects become 

extinct. In the suburban gardens of London, on the shores of 

the Mediterranean, on the summits of the higher Pyrenees, in 

Xortli America even it is said in the caves of Kentucky, and 

in India, Cavipodea is at home, and will probably always he 

with us. 



CHAPTER VITI 

ORTHOPTERA-FORFICULIDAE, EARWIGS-HEMDIERIDAE 

Order II.—Orthoptera. 

Insects loitlh the mouth 'pants conspicuous, formed for Inting, the 

four 2)ctlpi very distinct, the lower lip longitudinally divided 

in the middle. The tegmina (pnesothoracic wings), of parch¬ 

ment-like consistence, in repose closed on the hack of the 

Insect so as to protect it. The metcdhoracic wings, of more 

delicate consistence, ample, fiirnished with radiating or 

divergent nervures starting from the point of articulation, 

and with short cross nervules forming a sort of network; 

in repose collcqjsing like a fan, and more or less completely 

covered by the tegminco (^except in certain Fhasmidae, where, 

though the wings are anvple, the tegmina cere minute, so that 

the wings are uncovered). In a few forms (^winged Forji- 

culidae and some Blattidae) the metcdhoracic wings are, in 

addition to the longitudinal folding, contracted by means of 

one or two transverse folds. The mode of growth of each 

individucd is a gradual increase of size, without any abrupt 

change of form, except that the wings are only fully developed in 

the final condition. There is 7io special pupal instar. Species 

in luhich the wings are cFsent or rudimentary are numerous. 

The Orthoptera are Insects of comparatively large size. The 

Order, indeed, includes the large.st of existing Insects, while none 

are so nunute as many of the memhers of the other Orders are; 

three millimetres is the least length known for an Orthopterous 

Insect, and there are very few so small, though this is ten times 

the length of the smallest heetle. The Order includes earwigs, 

cockroaches, soothsayers (.)r praying-insects, stick- and leaf-insects, 

grasshoppers, locusts, green grasshoppers, and crickets. 
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The changes of form that accoiupauy the growth of the 

individual are much less abrupt and conspicuous than they are 

in most other Insects. The metamorphosis is therefore called 

Pauronietaholous. It has been supposed l)y some naturalists that 

Orthoptera go through a larger portion of their development in 

the egg than other Insects do. This does not clearly appear 

to be the case, though it seems that there are distinctions of a 

general character in the embryology; the period of development 

in the egg is prolonged, and the yolk is said by Wheeler ^ to be 

more than usually abundant in comparison with the size of the 

young embryo. The embryonic development may in tropical 

countries be accomplished in three weeks (see Maiitidae), but in 

countries where winter supervenes, the period may in some 

species be extended over seven or eight months. 

The external features of the post-embryonic development—a 

term that is more convenient in connexion with Orthoptera than 

metamorphosis—are as follows : the wings are never present when 

the Insect is first hatched, l^ut appear subsequently, and increase 

in size at the moults; the form and proportions of the segments 

of tlie body—especially of the thorax—undergo much change; 

an alteration of colour occurs at some of the moults, and the 

inteo-unient becomes harder in the adult condition. ISTeither 
O 

the development of the internal organs, nor the physiological pro¬ 

cesses by which the changes of external form are effected, appear 

to have been studied to any great extent. 
Many of the Orthoptera do not possess wings fit for flight, and 

some species even in the adult state have no trace whatever of such 

organs. Flight, indeed, appears to be of minor importance in the 

Order; in many cases where the wings exist they are purely musical 

organs, and are not of any use for flight. The apterous and the 

flicditless conditions are not confined to one division of the Order, 

Imt are found in all the families and in many of their sub¬ 

divisions. As the front pair of wings in Orthoptera do not really 

carry out the function of flight, and as they differ in several par¬ 

ticulars from the hinder pair, or true wings, it is usual to call 

them tegmina. The musical powers of the Orthoptera are confined 

to the saltatorial group of families. The Cursoria are dumb or 

nearly so; it is a remarkable fact that also in this latter division 

the alar organs, though frequently present, have but little value 

1 J. Moiyhol. viii. 189.3, p. 64. 
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for flight, and are in some cases devoted to what we may call 

purposes of ornament or concealment. This is specially the case 

in the Phasmidae and Mantidae, where the effectiveness of colour 

and pattern of these parts hecomes truly astonishing. The 

tegniina frequently exhibit an extraordinary resemhlance to 

vegetable structures, and this appearance is not superficial, for it 

may he seen that the nervures of the wings in their disposition and 

appearance resemble almost exactly the ribs of leaves. (Jne of the 

most remarkalde of the features of Orthoptera is that a great 

difference frequently exists between the colours of the tegniina 

and of the wing.s, i.e. the front and hind wings; the latter are 

concealed in the condition of repose, hut when activity is entered 

on and they are displayed, the individual becomes in appearance 

a totally different creature. In .some cases, contrary to what 

usually occurs in Insects, it is the female that is most remark¬ 

able ; the male in IMantidae and Phasmidae being frequently a 

creature of quite inferior appearance and power in comparison 

with his consort. The musical powers of the saltatorial 

Orthoptera are, however, specially characteristic of the male .sex. 

There is evidence that these powers are of great importance to 

the creatures, though in what way is far from clear. Some parts 

of the structures of the body are in many of these musical species 

clearly dominated l)y the musical organs, and are apparently 

specially directed to 

securimf their effici- 
o 

ency. AVe find in some 

Locustidae that the 

tegniina are nothing 

hut sound - producing 

instruments, while the 

pronotum is prolonged 

Fig. 101.—Poecilimon qffinis S ■ Bulgari.a. ALar organs to form a hood that 
serving only as musical organs. The e.ar on front p^.otects them without 
tibia and aural orince ol prothorax are well shown. ^ 

encumbering their ac¬ 

tion. In the males of the Pneumorides, where the phonetic organ 

is situated on the iihdomen, this part of the body is inflated and 

tense, no doulit with the result of increa.sing the volume and quality 

of the sound. In the genus Methono (Fig. 185) we find a gra.ss- 

hopper whose great hind legs have no saltatorial function, and hut 

little power of locomotion, hut act as parts of a sound-producing 
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instrument, and as agents for protecting some parts of the body 

in repose. Further particulars of these cases must he looked fox- 

in our accounts of the different groups. 

The eggs of many Orthoptera are deposited in capsules ox- 

cases ; these capsxxles xxxay contain oixly one egg, or a great ixxaxxy. 

The Order includes xnany species of Iixsects, though iix Britain 

it is poorly represented : we have only ahoxxt forty species, and 

this sxnall xixxnxber inclxxdes sonxe that are ixaturalised. Oxxly a 

few of the forty exteixd their range to Scotland. A revision of 

the species fouxxd in Britaixx has recently heeix made hy Mr. 

Elaxid Shaw.^ Iix contixxexxtal Exxrope, especially in the south, 

the species Ixecoine nxore xxxxxnerous; about 500 are knowix as 

inhabitants of geographical Europe. Ixx coxxxxtries where the face 

of natixre has been less tx-axxsforxxxed Ixy the operatioxxs of xxiaxx, 

axxd especially ixx the tropical parts of the world, Orthoptera are 

xixxich ixxore abxxxxdaixt. 

The lowest xxxxixxber at which the species ixow existing oix the 

sxxrface of the earth caxx he estimated is 10,000. This, however, 

is probably far xxnder the xixark, for the smaller axxd xnore obscxxre 

species of Orthoptera have xxever beexx thoroughly collected ixx 

any tropical coxxtinental region, while ixew fox-xns of evexx the 

largest size are still frequexxtly discovered ixx the tropics. 

We shall treat the Order as composed of eight fanxilies:— 

1. Forficiilidae—Tegmiiia short, wings complexly folded ; body 

armed at the extremity with strong forceps. 

2. Hemimeridae—Apterous : head exserted, constricted behind. 

3. Blattidae—Coxae of the legs large, exserted, protecting 

the lower part of the body. 

4. Mantidae—Front legs very large, raptorial, armed with spines. 

5. Phasmidae—Mesothorax large as compared with the pro¬ 

thorax. 

6. Acridiidae—Antennae short, not setaceous, of not more than 

30 joints, tarsi three-jointed. 

7. Locustidae—Antennae very long, setaceous, composed of a 

large number of joints, tarsi four-jointed. 

8. Gryllidae—Antennae very long, setaceous, tarsi two- or three- 

jointed. 

The first five of these subdivisions are axixongst the most 

distinct of axxy that exist in the Insecta, there being no con¬ 

necting links between them. The three groups forxxxing the 

1 Ent. Mo. Mag. xxv. 1889, and xxvi. 1890. 

Series, Cursoria : 

hind legs but 

little different 

from tlie others. 

Series, Saltatoria: 

hind legs elon¬ 

gate, formed for 

leaping, their" 

femora usually 

thickened. 
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Saltatoria are much more intimately allied, and should, taken 

together, probably have only the same taxonomic value as any one 

of the other five groups. 
Owing partly to the inherent difficulties of the subject, and 

partly to the fragmentary manner in wliich it lias lieen treated 

liy systematists, it has been impossible till recently to form any 

clear idea of the classification of Orthoptera. l)uring the last 

twenty years Henri de Saussure and Brunner von 'Wattenwyl 

have greatly elucidated this suliject. The latter of these two 

distinguislied naturalists has recently pulilished ^ a revision of the 

system of Orthoptera, which will lie of great assistance to those 

who may wish to study these Insects. We therefore reproduce 

from it the characters of the tribes, placing the portion relating 

to each family at the end of our sketch thereof. 

Fam. I. Forficulidae—Earwigs. 

(dermaptera or dermatoptera of brauer axd others) 

Insects of elongate form, ivith an imbricate arrangement of the 

segments of the body; bearing at 

the posterior extremity a of 

callipers or more distorted instru¬ 

ments. The hind wings (gohen 

piresent) folded in a complex 

manner, and covered, cxcejot at their 

tips, by a pair of short wing-covers 

(fegmina), of a Icather-lihe consist¬ 

ence. Wingless forms are very 

numerous. The young is very 

similar to the adult. 

Although earwigs are said to be 

I'e in most parts of the world, yet 

Europe no Insect is lietter known 

Fig. lO^i.—Pjigkiicrana hiujdi. than Forficula auricidaria, the common 

earwig, it lieing very abundant even in 
gardens and cultivated places. In certain seasons- it not un- 

fre(|uently enters our houses, in which case it too often falls a 

^ Ann. Mils. Genova, xxxiii. (1892). 
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victim to prejudices that have very little to justify them. This 

Insect is a good type of the winged earwigs. In the parts of 

the month it exhibits the structures usual in the Orthoptera ; 

there is a large labruin, a pair of maxillae, each provided with two 

lobes and a palpus consisting of two very short basal joints and 

three longer joints beyond these ; the mandibles are strong, with 

curvate pointed extremities ; in the lower lip there is a ligula 

exposed in front of a very large mentuni; it consists of two 

pieces, not joined together along the middle, but each liearing on 

its lateral edge a palpus with two elongate joints and a short 

basal one ; this lip is completed by the lingua, which reposes 

on the upper face of the part, and completely overlaps and 

protects the chink left by the want of union along the middle 

line of the external parts of the lip. The antennae are elon¬ 

gate, filiform, and are borne very near the front of the exserted 

head. There are rather large facetted eyes, but no ocelli. The 

three segments of the thorax are distinct, the prothorax being 

quite free and capable of movement independent of the parts 

behind it : the meso- and meta-nota are covered by the tegmina 

and wings ; these latter project slightly from underneath the 

former in the shape of small slips, that are often of rather lighter 

colour; the wing-covers are short, not extending beyond the 

insertion of the hind legs, and repose flat on the back, meeting 

together in a straight line along tlie middle. These peculiar 

flat, abbreviated wing-covers, with small slips (which are portions 

of the folded wings) projecting a little from underneath them, 

are distinctive marks of the winged Forflculidae. 

The legs are inserted far from one another, the coxae being 

small; each sternum of the three thoracic segments projects 

backwards, forming a peculiar long, free fold, undeiTapping the 

front part of the following segment. The hind liody or abdomen 

is elongate, and is formed of ten segments; the nunilier readily 

visible being two less in the female than it is in the male. 

The segments are fitted together by a complex imbrication, 

which admits of great mobility and distension, while offering a 

remarkable power of resistance to external pressure : each 

segment is inserted far forward in the interior of that preceding 

it, and each also consists of separate upper and lower plates that 

much overlap where they meet at the sides (see Tig. 103). The 

body is always terminated by a pair of horny, pincer-like 
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processes, which ure differently shaped according to the sex of 

the indivi<lual. 
The structure of the alxlomen in the earwig has given rise to 

consideralile discussion. In Fig. 10-3 we reproduce Westwood’s 

diagram of it as seen fully distended 

in a female specimen; in this state the 

minute sjuraeles can 1)6 detected, though 

in the normal condition of the body 

they cannot be seen, Iteing placed on 

the delicate membranes that connect 

the chitinous plates. Westwood’s inter¬ 

pretation of the structure was not, how¬ 

ever, quite correct, as the part wliicli 

he considered to he the first dorsal 

plate is really the second; so that the 

Fig. 103.—Lateral view of For- segments liuniheied *7, 8, 9 111 our 
ficidacmrmdariah. Female pcrure are really 8, 9, 10. The coni- 
abdomeii distended showing ° ... . , -i ■ 
spiracles, s, and the small moii eai’wig IS interesting as exhihit- 
8th and 9th dorsal plates imperfect State, the union 
(/ and 8 m Fig.). i i i 

of the first dorsal plate of the abdo¬ 

men with the thorax ; a condition which is carried to so 

great an extent in the Hymenoptera as to quite obsciu’e the 

nature of the parts, and which has consequently given rise to 

much perplexity and discussion. We repre¬ 

sent this structure as seen in the common 

earwig in Fig. 104, where a represents the 

pronotum, h the mesonotum, c the metanotiim, 

d the first, / the second abdominal segment ; 

e being a delicate membrane of considerable 

size that intervenes lietween the two, and 

which is more exposed than are the corre¬ 

sponding memliranes connecting the sidise- fiq. loi.—Dorsal por- 

quent rings ; a condition similar to that wliich 

is found in Ciinhex, Cephas, and some other 

Hymenoptera. 

(_)n the under surface of the abdomen of the 

earwig the full numher of 10 plates cannot he superficially dis¬ 

tinguished ; hut it is found by dissection that in the female the 

short eighth and ninth dorsal rings are joined on the ventral aspect 

by a delicate mendu'ane, while the tenth ventral is of a less delicate 

tions of the middle 
segments of body of 
Forficida auricul- 
aria (tegmina and 
wings removed). 
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nature, and forms a triangular plate at the base of each half of 

the forceps. Between the branches of the forceps there is a per¬ 

pendicular plate, the pygidium of Orthopterists, possildy the 

unpaired terminal portion of the body seen in some embryos, and 

called the telson. The pygidinm is a separate sclerite, though 

it looks as if it were only a portion of the large tenth dorsal 

plate bent downwards, and in some descriptiA'e works is errone¬ 

ously described as being such. 

A A’ery large number of species of Borficulidae have the 

organs of flight undeA^eloped. Fig. 105 represents Clieliclura 

dilatata, an apterous form that is very com¬ 

mon in the Eastern Pyrenees. The condition 

of the meso- and meta-nota—the parts from 

which the tegmina and wings are deA^eloped, 

and to which they are attached when present 

—is A'ery remarkal.ile in these forms, and 

exhibits much variety. In Fig. 106 we 

represent the conditions of these parts in 

a few apterous forms. The tegmina or the 

segment from which they are developed (h), 
^ • .1 1 p ^ 105.—Chduhira 

cir6 S66II 111 tll6 sll9-p6 01 cl pinto wllicll dilcitcitci^ male. Pyrenees. 

extend all across the middle and he undi¬ 

vided (Flo. 4); in which case the appearance indicates entire 

absence of the tegmina; these are, on the contrary, evidently present 

in the form of slips grafted one to each side of the second thoracic 

segment in Anisolabis (Xo. 3); or they may look like short 
broad slips extending all 

across the liody, and mark¬ 

ing off a piece frequently 

called a scutellum, 1 uit which 

is really the mesonotum 

(some species of Chelidura, 

Fig. 106.—Tegmina and wings (visible in part or ]\Vq_ q) ; or, again, they 
invisible) of aiiterous earwigs. I, Chelidura &i>.; ^ . .1 . f . 
2, Chelidura dilatata; 3, Anisolabis moesta; Iiid,y be nearly tree- teg- 
i. A. maritima. a, First thoracic segment ; h, SOluewhat similar to 
second : c, tliird ; d, basal portion of abdomen. . 

those of the winged lorms ; 

this is the case with some species of Chelidura, as represented 

by Xo. 1. This last figure is taken from a species from the 

Sierra Xevada, apparently undescribed, allied to C. bolivari. 

In the cases we are considering no analogous structures exist on 
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the metanotum (the j)art of tlie l)0(ly that in the winged forms 

hears the wings, and which is marked c in our diagrams, Fig. 

lOG), so that the tegmina are to all appearance less rudimentary 

(or vestigial) tlian the wings. The metanotum forms a sort of 

hap, called hy Fischer ^ “ involucrum alarum ”; he considered 

the part immediately behind this to Ire the metanotuni; this 

piece is, however, no doubt really part of the abdomen {d in our 

Figure). This is apparently the view taken by Brunner.^ The 

structure of these parts is important as hearing on the subject 

of the nature and origin of Insects’ wings, a question to which 

no satisfactory an.swer has yet been given. The appearances 

we have remarked on are to some extent similar to the con¬ 

ditions existing in the immature state of the organs of flight in 

the common earwig (see Fig. 112, p. 212), hut whether the 

varieties presented by the wingless forms have parallels in the 

immature conditions of the various winged forms is quite 

uncertain, the life-histories of earwigs being almost unknown. 

The developed wings of earwigs are worthy of attention, 

both as regards their actual structure and the manner in which 

they are folded up in repose. dVhen 

expanded they have a shape curiously 

suggestive of the human ear. The chief 

parts of the wing, as .shown in Fig. 107, 

A, are a, b, two portions of the horny 

piece that forms the scale which covers 

the more delicate parts of the wing 

when it is folded, and which, according 

to Brunner, renresents the radial and 
A 

the small apical held limited below 
by the vena dividens; d is the vena plicata which runs 

along the under side of the scale as far as the apical held, 

where it gives oil the axillary nerves; c is a vena spuria, or 

adventitious vein such as exists iu many other Orthoptera 

with delicate wings. On the front part t)f the scale, a, and 

on a different plane so that it is not shown in our figure, 

there is a very delicate small band which is supposed to repre- 

^ Orthoptera Europaca, 1853, jil. vi. f. 4, p. 434. 

" Morph. Bcdcut. Scg. Orlhopt. 1876, p. 14 ; and Frod. Orthopt. Europ. 1882, p. 3. 
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sent the marginal field of the vdng of other Orthoptera. There 

are, however, grave difficulties in the way of accepting this view 

of the earwig’s wing, amongst which we may mention the 

position of the vena dividens and its relation to the so-called 

radial and nlnar fields of the wing. The wings are remarkalde 

for their delicacy; moreover, the way in which they fold up so 

as to he packed in the manner shown in B, Big. 107, is very 

interesting, there being, in fact, no other Insects that fold np 

their wings in so complicated and compact a fashion as the 

earwigs do. The process is carried out somewhat as follows : the 

lono-er radii come a little nearer together, the delicate membrane 

between them falling into folds somewhat like those of a paper 

fan; a transverse fold, or turn-over, then occurs at the point 

where the radii, or axillary nerves, start from the vena plicata; 

then a second transverse fold, but in a reversed direction, occurs 

affecting the wing just close to the spots where the shorter 

radial nervures are dilated; then by a contraction close to the 

scale the whole series of complex folds and double are brought 

together and compressed. 

It is quite a mystery why earwigs should fold their wings 

in this complex manner, and it is still more remarkable that 

the Insects very rarely use them. Indeed, though Forjieula 

cmricularia is scarcely surpassed in numbers by any British 

Insect, yet it is rarely seen on the wing; it is probable that 

the majority of the individuals of this species may never make 

use of their organs of flight or go through the complex process 

of unfolding and folding them. It should be remarked that no 

part of the delicate membranous expanse of the wing is exposed 

when the wings are packed in their position of repose; for the 

portion that projects from under the tegmina—and which, it 

will be remembered, is always present, for when wings exist 

in earwigs they are never entirely concealed by the tegmina— 

is, it is curious to note, of hard texture, and is frequently coloured 

and sculptured in harmony with the tegmen; in fact, one small 

part of the wing forms in colour and texture a most striking 

contrast to the rest of the organ, but agrees in these respects 

with the wing-covers. This condition is seen in Fig. 108, 

where B shows the sculpture of the tegmina t, and of the 

projecting tips of the wings w. There are numerous other 

instances in Orthoptera where one part of a wing or wing-case 
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is exposed and the other prirt concealed, and the exposed portion 

is totally dilferent in colour and texture from the concealed 

portion. 

The wings (jf earwigs are attached to the body in a very 

unusual manner; each wing is continued 

inwards on the upper surface of the 

metanotum, as if it were a layer of the 

integument meeting its fellow on the 

mesial line; the point of contact forming 

two angles just behind the metanotum. 

Some writers have considered that the 

tegmina of earwigs are not the liomologues 

of tho.se of other Orthoptera, hut are really 

tegulae (cf big. 56, p. 10.3). We are not 

aware that any direct evidence has been 

produced in support of this view. 

The pair of forceps with which the 

liody is armed at its extremity forms 

another character almost peculiar to the 

earwigs. but which exists in the genus 

Japyx of the Thysanura. These forceps 

varv much in the dilferent genera of the 

family ; they sometimes attain a large size 

WlllgS, lU, 

similar sculpture. 

Fig. 108.—Anechura scabrius- 
cula. Himalaya. A, Out¬ 
line of the Insect ; B, 

tegmina, ^Jips^of extraordiiuiry and dis¬ 

torted shapes. They are occasionally used 

by the Insects as a means of completing the process of packing 

up the wings, but in many species it is not probable that they 

can he used for this purpose, because their great size and peculiarly 

distorted forms render them unsuitable for assisting in a delicate 

process of arrangement; they are, too, always present in the wingless 

forms of the family. Their importance to the creature is at 

present rpiite obscure; we can only compare them with the 

liorns of Laniellicorn Coleoptera, which have hitherto proved 

inex];)lical)le so far as utility is concerned. No doubt the 

callipers of the earwigs give them an imposing appearance, and 

may lie of some little advantage on tliis account; they are not 

known to he used as offensive instruments for fighting, hut they 

are occasionally brought into play for purposes of defence, the 

creatures using them for the infliction of nips, which, however, 

are by no means of a formidable character. 
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Ihese forceps are, in the case of the common earwig—and they 
have not been studied ironi this point of view in any other 
species—remarkahle, because of the great variation in their 
development in the male, a character which again reminds us 
of the horns of Lamellicorn beetles; in the female they are 
comparatively invariable, as is also the 
case in the few species of Lamellicornia, 
which possess horned females. A and 
B in Bigure 109 represent the forceps 
of different males of the common earwig, 
C showing those of the other sex. The 
subject of the variation of the male 
callipers of the earwig has been con¬ 
sidered by Messrs. Bateson and Brind- Forceps of the 

^ . common earwig: A, of large 
ley/ who examined 1000 specimens male; B, of small male ; 

captured on the same day on one of the female. 

Barne islands off the coast of Northumberland; 583 of these were 
mature males, and the pincers were found to vary in length 
from about 2-^ mm. to 9 mm. (A and B in Big. 109 repre¬ 
sent two of the more extreme forms of this set of individuals.) 
Specimens of medium size were not, as it might perhaps have 
l.ieen expected they would he, the most common; there w'ere, 
in fact, only about 12 individuals having the forceps of the 
medium length—to oj mm., while there were no less than 
90 individuals having forceps of a length of aliout 7 mm., and 
120 with a length of from 2f to 3^. Males with a medium 
lar^e lenirth of the organ and wdth a medium small leimth 
thereof were the most aljundant, so that a sort of dimorphism 
was found to exist. Similar relations were detected in the 
lengtli of the horns of the male of a Lamellicorn beetle examined 
liy these gentlemen. In the case of the set of earwigs we have 
mentioned, A^ery little variation existed in the length of the 
forceps in the female sex. 

In many earwigs—including B! auricularia—there may he 
seen on each side of the dorsal aspect of the true fourth, or of the 
fourth and neighbouring segments of the hind body a' small 
elevation, called by systematists a plica or fold, and on examina¬ 
tion the fold will 1je found to possess a small orihce on its 
posterior aspect. These folds are shown in Bigs. 105 and 108; 

^ Proc. Zool. Soc. London, 1892. p. 586. 

VOL. V P 
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they have been made use of for purposes of classification, though 

no functional importance was attaclied to them. Meinert, 

however, discovered ^ that there are foetid glands in this 

situation, and Vosseler has recently shown “ that the folds are 

connected with scent-glands, from which proceed, in all pro¬ 

bability, the pecidiar odour that is sometimes given off by the 

earwig. The forms destitute of the folds, e.g. Lahidura, are 

considered to have no scent glands. There is a very peculiar 

series of smooth marks in the earwigs on the dorsal aspect of 

the abdominal segments, and these are present in the glandless 

forms as well as in the others. 

The internal anatomy has been to some extent investigated 

by Dufour and Meinert. iJufour dis¬ 

sected F. auricularia and Lctbidura ri'paria, 

and found ® that salivary glands exist in 

the latter Insect (called by him Forficida 

gigantea), though he was unable to di.scover 

them in the common earwig. According 

to Meinert,'* there are, however, salivary 

glands affixed to the stipes of the maxillae 

in F. cmricularia, while (in addition ?) L. 

riparia possesses very elongate glands seated 

in the middle or posterior part of the breast. 

The alimentary canal is destitute of con¬ 

volutions, hut oesophagus, crop, and gizzard 

all exist, and the intestine behind the 

stomach consists of three divisions. The 

Malpighian tubes are numerous, 30 or 40, 

and elongate. The respiratory system is 

not highly developed. Earwigs—the Euro¬ 

pean species at least—have, as already mentioned, very small 

pow'ers of flight; the tracheal system is correspondingly small, 

and is destitute of the vesicular dilatations that are so remarkable 
in the migratory Locusts. 

The three thoracic spiracles ® are readily observed in living 

^ Nakirhistorisk Tidsskri/t, 3rd ser. ii. 1863, p. 475. 

■ Arch, inikr. Anut. .xxxvi. 1890, p. 565. 
^ Ann. Sci. Xat. xiii. 1828, p. 337. 

Nahirhistorisk Tidsskrift, 3r(l ser. ii. 1863, p. 475. 

^ Some writers are of ojiinion that there are only two thoracic spiracles in Insects, 

considering the third as belonging really to the abdomen. Looking on the i)oiut as 

Fig. 110.*—Lahidura ripa¬ 
ria, male. Europe. 
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individuals. There are seven pairs of abdominal spiracles, which, 

however, are very minute, and can only be found by distending 

the body as shown in Fig. 103. The ventral chain consists of 

nine ganglia (the sub-oesophageal centre is not alluded to by 

Dufour); the three thoracic are equidistant and rather small; 

the hindmost of the six abdominal ganglia is considerably larger 
than any one of the other five. 

The ovaries of Lahidura riparia and Forjicula auricularia are 

extremely different. In L. fipcuria there are on each side five 
tubes, each terminating separately in an 

obliquely directed lateral part of the 

oviduct. In F. auricularia there is but 

one tube on each side, but it is covered 

by three longitudinal series of very short 

sub-sessile, grape-like bodies, each of the 

two tubes being much dilated behind the 

point where these bodies cease. 

The testes in earwigs are peculiar and 

simple; they consist, on each side, of a 

pair of curvate tubular bodies, connected 

at their bases and prolonged outwards in 

the form of an elongate, slender vas de¬ 

ferens. The structures in the males of 

several species have been described at 

some length by Meinert,^ who finds that 

in some species a double ejaculatory duct 

exists. 
The young is similar to the adult in 

form; in the winged forms it is always -pjQ. m.—Ovaries of LcM- 

easy to distinguish the adult by the full 

development of the wings, but in the 

wingless forms it can only be decided 
with certainty that a specimen is not adult by the softer and 

weaker condition of the integuments. Scarcely anything appears 

to be known as to the life-history, except a lew observa¬ 

tions that have been made on the common earwig; Camerano 

found" that this Insect has certaiidy three ecdyses, and possibly 

at present chiefly oiio of uomenclature, we make use of the more usual mode of 

expression. 

^ As on last page, and also op. cit. v. 1868, p. 278. 

2 BiM. Ent. Ital. xii. 1880, p. 46. 

dura riparia, A ; and For¬ 
jicula auricidaria, B. 
(After Dufour.) 
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an earlier one which he failed to notice, and his observa¬ 

tion contirnis the vagne previous statement of Ihsclier. The 

eggs, in the neighlxjiirliood of Turin, are deposited and hatched 

in the earlp spring; in one case they were laid on the 10th 

iMarcli, and the Insects issuing from them had completed their 

growth ami were transformed into perfect Insects on the 22nd 

iVIay. In the immature state the 

alar structures of the future imago 

may he detected. The tegniiua-hear- 

ing sclerites, t, Fig. 112, look then 

somewhat like those of some of the 

apterous forms (Fig. lOG) and, as 

shown in A and B, Fig. 112, do not 

differ greatly in the earlier and later Fig. 112. Notal plates from which 
the tegmiua ami wings of Forfi- 
cula auricularia are developed in 
young. A, and more advanced, B, 
nymi^h. 

stages. The wings, however, change 

much more than the tegniina do ; 

at first (Fig. 112, A) there is 

but little difference between the two, though in the interior of 

the wing-flap some traces of a radiate arrangement can he seen, 

as shown at W in A, Fig. 112; in a sul)serpient condition the 

wing-pads are increased in size and are more divided, the appear¬ 

ance indicating that the wings themselves are present and packed 

about a centre, as shown in IF of B, Fig. 112. 

In the young of the common earwig the number of joints ^ in 

the antennae increases with age. Camerano, Lc., says that before 

emergence from the egg there are apparently only 8 joints in the 

antennae, and Fischer states that the larvae of F. auricularia 

have at first only 8 antennal joints; later on 12 joints are 

commonly found, and, according to Bateson," this number 

occasionally persists even in the adult individual. iMeinert says ® 

that the newly hatched Forficula lias either G or 8 joints, and 

he adds that in the later portion of the preparatory stage the 

numl)er is 12. Consideralile discrepancy yirevails in liooks as to 

the normal nunilier of joints in the antennae of the adult F. 

a'tiricula.ria, the statements varying from 13 to 15. The latter 

nnmhei' may l)e set aside as erroneous, although it is, curiously 

1 It may bo W'ortli while to repeat that “joint” means a piece, and is the 

oipiivalent of “link” in a chain. 

- Ilatcrials for the Stmhj of J'ariation, 1894, p. 413. 

Katurhist. I'idsekrift, 3rd ser. ii. 1863, p. 474. 
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enough, the one given in the standard works of Fischer, Brunner, 

and Finot. Meinert gives without hesitation 14 as the number; 

Bateson, l.c., found that 14 joints occurred in 70 or 80 per cent 

of adult individuals, that 13 was not uncommon, that 12 or 11 

occasionally occurred, and that the number may differ in the two 

antennae of the same individual. These variations, which seem 

at first sight very remarkable, may with probability be con¬ 

sidered as due to the fact that in the young state the numlier 

of joints increases with age, and that the organs are so fragile 

that one or more of the joints is very frequently then lost, the 

loss being more or less completely repaired during the sulise- 

quent development. Thus a disturbing agency exists, so that the 

normal number of 14 joints is often departed from, though it 

appears to be really natimal for this species. Bateson has also 

pointed out that when the normal number of articulations is not 

present, the relative proportions of joints 3 and 4 are much dis¬ 

turbed. It is, however, probable that the increase in number of 

the joints takes place by division of the third or fhird and fourth 

joints following previous growth thereof, as in Termitidae; so 

that the variations, as was suggested by Bateson, may be due to 

mutilation of the antennae, and consequent incompletion of tlie 

normal form of the parts from which the renovation takes place; 

growth preceding segmentation—in some cases the growth may 

be like that of the adult, while the segmentation remains more 

incomplete. In the young the forceps of the two sexes differ but 

slightly; the form of the abdominal rings is, on the contrary, 

according to Fischer, already different in the two sexes in the 

early stage. 
The common earwig has a very liad reputation with gardeners, 

who consider it to be an injurious Insect, but it is probaljle that 

the little creature is sometimes made the scapegoat for damage 

done by other animals; it appears to be fond of sweets, for it 

often makes its way to the interior of fruits, and it no doul)t 

nibbles the petals, or other delicate }»arts of iiowers and vegetaldes. 

Camerano, however, states, l.c., that the specimens he kept in 

confinement preferred dead Insects rather than the fruits he 

offered them. Eiihl considers the earwig to l)e fond of a car¬ 

nivorous diet, eating larvae, small snails, etc., and only attacking 

flowers when these fail.^ It has a great propensity for concealing 

^ Mt. Schweiz, ent. Ges. vii. 1887, p. 310. 
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itself in places where there is only a small crevice for entry, and 

it is possible that its presence in fruits is due to this, rather than 

to any special fondness for the sweets. This habit of concealing 

itself in chinks and crannies in obscure places makes it an easy 

matter to trap the Insect Ijy placing pieces of hollow stalks in 

the situations it affects; inverted flower-pots with a little hay, 

straw, or paper at the top are also effectual traps. We have 

remarked that it is very rarely seen on the wing, and though it 

has been supposed to fly more freely at night there is very little 

evidence of the fact. Another British species, LaJoia minor, a 

smaller Insect, is, however, very commonly seen flying. 

Earwigs have the reputation of l:)eing fond of their young, and 

Camerano describes the female of the common earwig as carefully 

collecting its eggs when scattered, lifting them with its mandibles 

and placing them in a heap over wdiich it afterwards brooded. 

De Gfeer ^ more than a century ago observed a fondness of the 

mother for the young. After the eggs were hatched, Camerano’s 

individual, however, evinced no interest in the young. A larger 

species, Labidura r^xtria (Fig. 110) is said to move its eggs from 

place to place, so as to keep them in situations favourable for 

their development. 

The name “ earwig ” is said to be due to an idea that these 

creatures are fond of penetrating into the ears of persons when 

asleep. Hence these Insects were formerly much dreaded, owing 

to a fear that they might penetrate even to the brain. There 

does not appear to be on record any occurrence that could justify 

such a dread, or the belief that they enter the ears. If they 

do not do so, it is certainly a curious fact that a superstition of 

the kind we have mentioned occurs in almost every country 

where the common earwig is abundant; for it has, in most 

parts of Europe, a popular name indicating the prevalence of 

some such idea. It is known as OJiren-v:urm in German, as 

■perce-oreillc in French, and so on. The expanded wing of the 

earwig is in shape so very like the human ear, that one is 

tempted to supi)ose this resend)lance may in former ages have 

given rise to the notion that the earwig has some connexion with 

the human ear; but this explanation is rendered very improbalile 

l)y the fact that the earwig is scarcely ever seen with its wings 

expanded, and that it is a most ditticult matter to unfold them 

^ Jlem. hist. Iiisectcs, iii. 1773, ji. 548. 
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artificially^ so that it is very unlikely that the shape of the ^Yings 

should have been observed by untutored peoples. 

The group Forficulidae seems to be most rich in species in 

warm and tropical regions; several unwinged species are met 

with in the mountainous districts of Europe; indeed, in some 

spots their individuals are extremely numerous under stones. In 

Britain we have a list of six species, but only two of these are 

to be met with; the others have probably been introduced by 

the agency of man, and it is doubtful whether more than one 

of these immigrants is actually naturalised here. One of these 

doubtfully native species is the fine Labidura riparia (Fig. 110), 

which was formerly found near Bournemouth. Altogether about 

400 species of earwigs are known at the present time, and 

as they are usually much neglected by Insect collectors, it is 

certain that this number will be very largely increased, so that 

it would be a moderate estimate to put the number of existing 

species at about 2000 or 3000. Hone of them attain a very 

large size, Pscdis americana being one of the largest and 

most robust of the family; a few display brilliant colours, and 

some exhibit a colour ornamentation of the surface ; there are two 

or three species known that display a general resemblance to 

Insects of other Orders. The remarkable earwig represented in 

Fig. 102 (and which appears to be a nondescript form'—either 

species or variety—closely allied to P. marmoricauda) was found 

by Baron von Hiigel on the mountains of Java; the femora in 

this Insect have a broad face which is turned upwards instead of 

outwards, the legs taking a peculiar position; and it is cindous 

that this exposed surface is ornamented with a pattern. The 

feature that most attracts attention on inspecting a collection of 

earwigs is, however, the forceps, and this is the most marked 

collective character of the group. These curious organs exhibit 

a very great variety; in some cases they are as long as the whole 

of the rest of the body, in others they are provided with tynes; 

sometimes they are quite asymmetrical, as in Anisolahis tasmanica 

(Fig. 113); in O-pisthocosmia cervipyga, and many others they 

are curiously distorted in a variety of ways. The classification 

of the earwigs is still in a rudimentary state ; the number of 

joints in the antennae, the form of the feet, and (in the terres¬ 

trial forms) the shape of the rudimentary wing-cases and wings 

being the characters that have been made most use of by syste- 
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matists; no arrangement into snlj-families or groups of greater 

importance than genera is adopted. 

The only particulars we have as to the embryological develop¬ 

ment of the earwig are due to Heymons.^ The forceps spring 

from the eleventh al)dominal segment, and 

represent the cerci of other Orthoptera. An 

egg-tooth is found t(^ he present on the 

head for piercing the egg-shell. The embryo 

reverses its curved position during the de¬ 

velopment, as other Orthoptera have been 

observed to do, but in a somewhat different 

manner, analogous to that of the Myriapods. 

Several fossil Forficulidae are known; 

specimens belonging to a peculiar genus 

have been described from the Lower Lias of 

Aargau and from the Jurassic strata in 

Eastern Siberia, Ijut the examples appar¬ 

ently are not in a very satisfactory state of 

preservation. In the Tertiary formations earwigs have been 

found more freqiiently. Scudder has described eleven species of 

one peculiar genus from the Lower Miocene beds at Florissant in 

Colorado; some of these specimens have been found with the 

wings expanded, and no doubt that they were fully developed 

Forficulidae can exist. The fossil species of earwigs as yet known 

do not display so remarkable a development of the forceps as 

existing forms do. 

Lraiier and others treat the Forficulidae as a separate Order 

of Insects—Dermaptera-—but the only structural characters 

that can be pointed out as special to the group are the peculiar 

foinn of the tegmina and hind wings—which latter, as we have 

said on p. 200, are considered by some to be formed on essentially 

the same plan as those of other Orthoptera—the imbrication of 

the segments, and the force})S terminating tlie body. The develop¬ 

ment, so far as it is known, is that of the normal Ortho})tera.. 

Thus the Forficulidae are a very distinct division of Orthoptera, 

the characters that separate them being conqiaratively slight, 

tliough there are no intermediate forms. Some of those who treat 

the Dermaptera as a sul)-Order e(j[uivalent to the rest of the 

divisions of the Order, call the latter combination Euorthoptera. 

^ HB. Gcs. naturf. Fr. Berlin, 1893, p. 127. 
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Fam. II. Hemimeridae. 

Apterous, hlind Insects with exsertecl head, having a constricted 

neck, mouth placed eguite inferiorly ; the 

thoracic nota large, imbricate. Hind 

hody elongate, the segments imbricate, the 

dorsed plates being large and overlapping 

the ventral; the number of visible seg¬ 

ments being different according to sex: 

a piair of long unsegmented cerci at the 

extremity. Coxae small, loidely separ¬ 

ated. Development intra-uterine. 

In describing the labium of Mandibulata, 

p. 97, we alluded to the genus Hemimerus as 

reputed to possess a most peculiar mouth. 

"When our remarks were made little was 

known about this Insect; but a very valuable 

paper by Dr. H. J. Hausen on it has since 

appeared, correcting some errors and supply¬ 

ing us with information on numerous points. 

i\I. de Sanssure described the Insect as possess¬ 

ing two lower lips, each bearing articulated 

palpi, and he therefore proposed to treat 

Hemimerus as the representative of a distinct Order of Insects, 

to be called Diploglossata. It now appears that the talented 

Fig. 114. — Ilemimei-us 
/ifMiseiw, female. Africa. 
(After Hausen.) 

Fig. 115.—Under side of head and 
front of prothorax of Hemimerus. 
a, base of antenna ; 6, articulation 
of antenna ; c, labrum ; d, man¬ 
dible ; e, condj'le of mandible ; /, 
articular membrane of mandible ; 
;/, stipes of maxilla; /(., exterior 
lobe ; i, palpus of maxilla ; k, sub- 
mentum ; I, mentum ; m, terminal 
lobe of labium ; n, labial palp ; 0, 
plate between subrnentmii and ster¬ 
num ; p, prosternum ; q, cervical 
selerites. (After Hausen.) 

Swiss entomologist was in this case deceived liy a bad prepara¬ 

tion, and that the month shows but little departure from the 

ordinary mandibulate type. There is a large inflexed labrum ; 

1 Ent. Tidskr. 1894, p. 65. 
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the mandibles are concealed by the maxillae, but are large, com- 

])ressed, and on their inner edge toothed. The maxillae are 'well 

developed, are surmounted by two lobes and bear five-jointed palpi. 

The ligula appears to be broad and 

short, and formed of two parts longi¬ 

tudinally divided; the short palpi 

The men- consist of three segments, 

turn is very large. The lingua is 

present in the form of a free pubescent 

lobe with a smaller lobe on each 

side. The structure of the pleura is 

not fully understood; that of the 

abdomen seems to be very like the 

earwigs, with a similar difference in 

the sexes. The cerci are sometliing 

like those of Gryllidae, being long, 

flexible, and unsegmented. The legs 

have rather small coxae, and three- 

jointed tarsi, two of which are 

densely studded with fine hairs 

beneath, as in Coleoptera. It is difficult to detect the stigmata, 

but Dr. Hansen believes there are ten pairs. 

The species described l;)y Dr. Hansen as H. talpoides is prolw 

ably distinct from that of Walker, though both come from 

equatorial West Africa. Dr. 

Fig. 116.—Foetus of Ilemimerus, 
(After Hansen.) a, Antenna ; b, 
organ from the neck ; c, cerci; d, 
membrane (? oast skins). 

Hansen’s species, which may 

be called H. hanseni, has 

been found living on the 

l)ody of a large rat, Crice- 

toviys gamhiamis; the In¬ 

sect occurred on a few speci¬ 

mens only of the mammal, 

but when found was present 

in considerable numl )ers ; it 

runs with ra[)idity among 

the hairs ami apparently 

also springs. The nature of 

its food is by no means clear. 

Not the least remarkal)le 

Insect is its gestation. 

Fig. 117.—Hemimenis talpoides. Africa. (After 
de Saussure.) A, Upper; B, under surface. 

fact in connexion with this peculiar 

The young are borne inside the mother. 
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apparently about six at a time, the larger one being of course 

the nearest to the orifice. Dr. Hansen thinks the young 

specimens are connected witlr tlie walls of the maternal passages 

l)y means of a process from the neck of each. But the details of 

this and other points are insufficiently ascertained; it is, indeed, 

difficult to understand how, with a process of the kind of which 

a fragment is shown in Fig. 116, h, the Insect could fix itself 

after a detachment for change of position. The young is said 

to be very like the adult, but with a simpler structure of the 

antennae and abdomen. On the whole, it appears probable that 

Hemimerus is, as stated by Dr. Hansen, a special family of 

Orthoptera allied to Forficulidae; further information both as to 

structure and development are, however, required, as the material 

at the disposition of the Swedish entomologist was very small. 



CHAPTER IX 

ORTHOPTEKA CONTINUED-BLATTIDAE, COCKROACHES 

Fam. III. Blattidae—Cockroaches. 

Orthoptera with, the head defiexed, in repose concealed from above, 

being flexed, on to the under-surf ace with the anterior g^crt 

directed bachivards. All the coxae large, free, entirely cover¬ 

ing the sternal surfaces of the three thoracic segments, as well 

as the base of the albdornen. The sterncd sclerites of the 

thoracic segynents little developed, being weak and consisting 

of pieces that do not form a continuous exo-skeleton ; tegmina 

and wings extremely variahle, sometimes entirely absent. 

The ivings possess a definite anal region capable of fan-like 

folding ; rarely the %oing is also transversely folded. The 

three pairs of legs differ but little from one another. 

Fig. 118. — Heterogamia 
aegyptiuca. A, male ; 
B, female. (After 
Brunner.) 

The Blattidae, or cockroaches, are an extensive family of 

Insects, very much neglected liy collectors, and known to the 

ordinary oliserver chielly from the fact that a few species have 
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become naturalised in various parts of the world in the houses of 

man. One such species is abundant in Britain, and is the 

“ black beetle ” of popular language ; the use of the word lieetle 

in connexion with cockroaches is, however, entoniologicall}' in¬ 

correct. One or two members of the family are also well known, 

owing to their being used as the “ corpora vilia ” for students 

commencing anatomical investigation of the Arthropoda ; for this 

purpose they are recommended by tlieir comparatively large size 

and the ease with which an abundant supply of specimens may 

always be procured, but it must be admitted that in some respects 

they give but a poor idea of Insect-structure, and that to some 

persons they are very repulsive. 

The iiiliexed position of the head is one of the most character¬ 

istic features of the Blattidae ; in activity it is partially released 

from this posture, but the mouth does not appear to be capable 

of the full extension forwards that 

is found in other Insects that inflex 

the head in repose. The labium 

is deeply divided, the lingua forms 

a large lobe reposing on the cleft. 

The maxillary palpi have two basal 

short joints, and three longer 

joints beyond these; the labial 

palps consist of three joints of 

moderate length. The under¬ 

surface of the head is formed in 

large part by the submentum, 

which extends back to the occipital 

foramen. 

The front of the head is the 

aspect that in repose looks directly 

downwards; the larger part ol it 

is formed by the clypeus, which is 

separated from the epicranium 

by a very fine suture angulate 

in the middle ; there is a large 

side; near to the eye a circular 

tion of the antenna; close to 

Fio. 119.—Under-surface of Peri- 
2>laneta australasiae. c, Co-xae. 

many-facetted eye on each 

space serves for the inser- 

this and to the eye there 

is a peculiar small area of paler colour, frequently membranous, 

called the fenestra, and which in the males of Corijdia and 
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Heterogmiia is replaced by an ocellus. The antennae are very 

elongate and consist of a large nnniljer of minute rings or joints, 

frequently about 100. The head is not inserted directly in the 

thorax, as is the case in so many Insects; but the front of the 

thorax has a very large opening, thus the neck between it and 

the head is of more than usual importance; it includes six 

cervical sclerites. 
The pronotum is more or less like a shield in form, and 

frequently entirely conceals the head, and thus looks like the 

most anterior part of the body ; usually 

it has no marked angles, but in some of 

the apterous forms the hind angles are 

sharp and project backwards. In contrast 

to the pronotum the prosternum is small 

and feeble, and consists of a slender lateral 

strip on each side, the two converging 

behind to unite with a median piece, the 

prosternuni proper. ISTone of these q)ieces 

of the ventral aspect of the prothorax are 

ordinarily visible, the side-pieces being 

covered by the inflexed head, and the 

median piece by the great coxae. In 

some of the winged Blattidae {Blabera, e.g.) 
Fig. 120.—Base of front leg there is at the base of each anterior coxa 

and portion of prothorax 
of Blabera gigantea. a, a Small Space Covered by a more delicate 
Under-.side of pronotum; meinbraiie, that suggests the possibility 

fold of pronotum?; c, . ^ ^ 
epimeron?;(^,episternum?; 01 the existence of a seiisory orgaii there 

SrterV 120, At the base of—above 
femur; i, presumed sense and behind—the front coxa the pro- 

thoracic spiracle is situate. 

The meso- and meta-thoracic segments differ but slightly from 

one another; the notal or dorsal pieces are moderately large, 

while the sternal or ventral are remarkably rudimentary, and are 

frequently divided on the middle line. Connected with the 

posterior part of each sternum there is a piece, bent upwards, 

called by some anatomists the furca; when the sterna are 

divided the furca may extend forwards between them; in other 

’ This enigmatic structure is similar in position to the aural orifice of Locustidao 

(see Fig. 101) ; hut it is closed by a transparent membrane, whereas the ear orifice 

of Locustidae is, as we shall subsequently see, (^uite open. 
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cases it is so obscure externally as to leave its existence in some 

doubt. 

The sterna in Blattidae are remarkable for their rudimentary 

structure. This is probably correlated with the great develop¬ 

ment of the coxae, which serve as shields to the lower part 

of the body. The pieces of the sterna are not only small, but 

are also of feeble consistence—semi-membranous, in fact—and 

appear like thicker portions of the more extensive and delicate 

membrane in which they are situate; they sometimes differ 

considerably in the sexes of the same species. The coxae have 

very large bases, and between them and the sterna are some 

pieces that are grooved and plicate, so that it is not easy to 

decide as to their distinctions and homology (Fig. 120). The 

second breathing orifice is a slit placed in a horny area in the 

membrane between the middle and hind coxae. 

The legs are remarkable for the large and numerous spines 

borne by the tibiae, and frequently also by the femora: 

tlie trochanters are distinct and of moderate size; the 

tarsi are five - jointed, frequently the basal four joints are 

furnished with a pad beneath; the fifth joint is elongate, 

l:)ears two claws, and frequently between these a pro¬ 

jecting lobe or arolium; this process scarcely exists in the 

young of Stylopyga orientcdis, the common cockroach, though 

it is well developed in the adult. The hind body or abdomen 

is always large, and its division into rings is very visible, but the 

exact number of these that can be seen varies according to age, 

sex, species, and to whether the dorsal or ventral surface be 

examined. The differences are chiefly due to the retraction and 

inflexion of the apical segments; the details of the form of these 

parts differ in nearly every species. It is, however, considered 

that ten dorsal and ventral plates exist, though the latter are 

not so easily demonstrated as the former. The basal segment is 

often much diminished, the first dorsal yfiate being closely con¬ 

nected with the rnetanotum, while the first ventral may be still 

more rudimentary; much variety exists on this point. In the 

female two of the ventral terminal plates are frequently inflexed, 

so as to be quite invisible without dissection. From the sides of 

the tenth segment spring the cerci, fiat or compressed processes 

very various in size, length, and form, usually more or less 

distinctlyjointed. Systeniatists call the seventh ventral plate of the 
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female the “lamina suligenitalis/’ or the “lamina subgeuitalis 

spuria,” the concealecl eighth ]ilate Ijeing in this latter case con¬ 

sidered the true sul)ge2iital plate. Tn the male this term is 

ap}>lied to the ventral plate of the ninth segment, the corre¬ 

sponding dorsal plate being called the “lamina supra-analis.” 

These terms are much used in the systematic definitions of the 

genera and larger groups. 

Tlie males, in addition to the cerci alluded to as common to 

both sexes, are provided on the hind margin of the lamina 

subgenitalis with a pair of slender styles. These are wanting 

in the females, but in the common cockroach the young in¬ 

dividuals of that sex are provided, like the male, with these 

peculiar organs. M. Peytoureau has described ^ the mode of 

their disappearance, viz. by a series of changes at the ecdyses. 

Cholodkovsky, who has examined the styles, considers them 

to he embryologically the homologues of true legs." These 

styles are said not to he present in any shape in some species— 

Ectohia, Panesthia, etc.; this probably refers only to the adults. 

In some cases a curious condition occurs, inasmuch as one of 

the two styles is absent, and is replaced by a notch on the 

right side, thus causing an asymmetry—Pliyllodromia, l^onnoj)- 

teryx, etc. 

It has been found in several species that there are eight pairs 

of al)dominal spiracles, making, with the two thoracic, ten pairs 

in all. The first of the abdominal spiracles is larger than the 

others, and in the winged species may be easily detected by 

raising the tegmina and wings, it l)eing more dorsal in position 

than those following, which are in some species exposed on the 

ventral surface owing to the cutting away of the hind angles of 

the ventral plates ; but the terminal spiracles are in all cases diffi¬ 

cult to detect, and it is possilile that the numl:)er may not be the 

same in all the species of the family. The cerci exhibit a great 

deal of variety. In the species with elongate tegmina and wings 

the cerci are elongate, and are like antennae in structure; in 

many of the purely apterous forms the cerci appear to lie entirely 

alisent (cf Fig. 130, Grom-pJi.adorhina), but on examination may 

lie found to exist in the form of a small plate, or papilla scarcely 

protuberant. In the males of Heterogamia they are, on the 

^ llcv. hiol. Nord France, vii. 1894, p. 111. 

^ Ann. Nat. Hist. Deer. 6th, ser. x. 1892, p. 433. 
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coutrary, xery like little antennae; in the nnwinged females of 

this genus they are concealed in a chink existing on the under¬ 
surface of the apex of the body. 

The alar organs of Blattidae are of considerable interest from 

several points of view. They exist in various conditions as 

regards size and development, and in some forms are very large; 

each tegmen in some species of the genus Blabera (Fig. 132) may 

attain a length of nearly three inches; in other cases wings and 

tegmina are entirely absent, and various intermediate conditions 

are found. In Tig. 121 we give a diagram of the tegmen or front 

wing. A, and the hind wing, B, to explain the principal nervures 

and areas. The former are four in number, and, adopting 

Brunner’s nomenclature ^ for 
them. are named proceeding 

from before backwards inedi- 

radial, h; infra¬ 

ulnar), c; and 

An adventitious 

astinal, a 

median (or 

dividens, cl. 

vein, vena spuria, existing in 

the hind wings of certain genera 

is marked sp in B. 

The vena dividens is of 

great importance, as it marks 

off the anal or axillary field, 

which in both tegmen and 

wing has a different system of 

minor veins from what obtains 

in the rest of the organ; the veins 

region 

Fig. J21.—Diagram of tegmen, A, and 
wing, B, in Blattidae. Nervures; a, medi¬ 
astinal ; d, radial ; c, ulnar or infra¬ 
median ; d, dividens ; sp, spuria. Areas : 
1, mediastinal or marginal ; 2, scapular 
or radial; 3, median ; 4, anal or axillary. 

being in the anterior 

abundantly branchingand dicho¬ 

tomous (Fig. 132), while in the 

anal field there is but little 

furcation, though the nervures converge much at the base. The 

mediastinal gives off minor veins towards the front only, the radial 

gives off veinlets at first towards the front, but nearer the tip 

of the wings sends off minor veins both backwards and forwards. 

The infra-median or ulnar vein is very variable; it is frequently 

^ Frod. Orth, europ. 1882, p. 27, and Rev. Syst. Orthopt. 1892, p. 15. Unfortu¬ 

nately de Saussure adopts a different nomenclature ; we have preferred Brunner’s as 

being more simple. 

VOL. V Q 
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abbreviated, and on tlie wliole is of snlwrdinate importance to 

the other three. These latter thus form four chief areas or fields, 

viz.-—1, mediastinal or marginal; 2, scapular or radial; 3, 

median; and 4, anal. These nervures and divisions may be 

traced in a large number of existing and fossil Blattidae, but 

there are forms existing at present which it is difficult to reduce 

to the same plan. In Eut]iyr]hapli.n., found in the Pacific Islands, 

the hind wings are long and project 

heyond the tegmina, and have a very 

peculiar arrangement of the nervures ; 

the .species of Holocompsa also possess 

abnormal alar organs, while the struc¬ 

ture of these parts in Diaphana (Pig. 

122) is so peculiar that Brunner 

wisely refrains from attempting to 

homologise their nervures with those 

of the more normal Blattidae. The 

alar organs are frecpiently extremely 

different in the two sexes of the same 

species of Blattidae, and the hind 

wing may differ much from the teg- 

men as regards degree of departure 

from the normal. So that it is not 

Fig. 122.—DiaphanaJieberi. Brazil. 
A, The Insect, natural size ; B, 
tegnien, and C, wing, magnifieJ. 
(After Brunner.) 

a matter for surprise that the nervures in different genera cannot 

lie satisfactorily homologised. 

But the most peculiar wings in the family are the folded 

structures found in some forms of the groups Ectobiides and 

Oxyhaloides [Anaplectinae and Plectopterinae of de Saussnre]. 

These have been studied by de Saussnre,^ and in Fig. 123 we 

reproduce some of his sketches, from which it will be seen that in 

B and C the wing is divided by an unusual cross-joint into two 

parts, the apical portion being also longitudinally divided into 

two pieces a and h. Such a form of wing as is here shown has 

no exact parallel in any of the other groups of Insects, though 

the earwigs and some of the Coleoptera make an approach to it. 

This structure })ermits a very perfect folding of the wing in 

repose. The peculiarities exhibited have Ireen explained by de 

Saussnre somewhat as follows. In the ordinary condition of 

Orthoptera the axillary or anal field (B) when the wings are 

' Ann. Sci. Xut. Zool. .ser. 5, x. 1868, p. 161. 
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a 

'v * iV 

closed collapses like a fan, and also doubles under the anterior 

part (H) of the wing along the line a a, in Fig. 123, A, the result 

being similar to that shown by oiu- Fig. 124. It will be noticed 

in Fig. 123, A, that a small tri¬ 

angular area {t) exists at the tip 

of the wing just where the fold 

takes place, so that when the 

wing is shut this little piece is 

liberated, as shown in t, Fig. 124. 

In many Blattidae, e.g. Blabera 

(Fig. 132), no trace of this little 

intercalated piece can be found, 

but in others it exists in various 

degrees of development interme¬ 

diate between what is shown in 

Thorax loorcellana (Fig. 123, A) 

and in Anajolecta azteca (123, B), 

so that a, b of the latter may be 

looked on as a greater develop¬ 

ment of the condition shown in A 

at t. It will be noticed that the 

superadded part of the wing of 

123, B, possesses no venation, 

being traversed only by the line 

along which it folds; but in 

the w’ing of Diploptera siljTia, 

123, C, the corresponding part 
is complexly venated. This venation, as Brunner says,’- is not 

an extension of the ordinary venation of the wing, but is sui 

generis. It is curious that though all the degrees of develop- 
_ ment between A and B exist in various 

forms of the tribes Ectobiides and Oxyha- 

loides, yet there is nothing to connect the 

veined apex of Diploptera with tlie unveined 

Fig. 123.—Hind -wings of Blattidae. A, 
Thorax porcellana; B, Anaplecta 
azteca; C, Liploptera silpha. (After 
de Saussure.) 

X’ 1 eo X 

(After ppe internal anatomy of Blattids has 

Fig. 124.—Hind -\ving of ^ , 
Blatta folded, t, Free One of Anaplecta. 
triangular area. 

de Saussure.) investigated in only one or two species. 

There are no great peculiarities, but some features of minor 

interest exist. The alimentary canal (lig- 12o) is remarkable 

1 Nouv. Syst. Blattaires, 1865, p. 265. 
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OH account of the c<ipacif)us crop, and the small gnt-like, ch}dific 

ventricle; eight elongate pouches are situate on this latter part 
at its junction with the gizzard. 

The Malpighian tuhules are 

very numerous and delicate ; there 

are extensive salivary glands and 

reservoirs; and on the anterior 

part of the true stomach there are 

eight caecal diverticula. The great 

chain of tlie nervous system con¬ 

sists in all of eleven ganglia—two 

cephalic, three thoracic, and six 

abdominal. 

The ovaries in ^tylopjcja orient- 

alis consist each of eight egg-tuhes, 

placed at the periphery of a common 

receptacle or oviduct, the pair of 

receptacles themselves opening into 

a common chamber—the uterus— 

which is surrounded l.iy a much 

Ijranching serific or colleterial gland. 

In this chamber the egg-case is 

formed from the secretion of the 

gland just mentioned. According 

to Miall and Denny,^ there is a 

spermatheca which opens not into 

the iiterus hut into the cloacal 

chamber behind it. Lowne doubts 

this diverticulum being a true 

spermatheca. The manner in which 

the eggs are fertilised and their capsule modelled is uncertain." 

The internal reproductive organs of the male- tire very com- 

})lex in Stylopyga orieritalis; each testis consists of a number 

(30 to 40) of vesicles placed on a tule which is prolonged to 

form the vas deferens. There is a very peculiar large complex 

Consisting of longer and shorter utricles, opening into the 

Fig. 1-26.—Alimentary canal of Stylo¬ 
pyga m-ientalis. (After Dufour.) a. 
Head ; 6, salivary glands ; c, saliv¬ 
ary reservoir ; rf, crop ; e, diver¬ 
ticula placed below proventriculus ; 
/, stomacli ; g, small intestine ; //, 
rectum ; i, Malpighian tubes ; k, 
extremity of hind body. 

gland 

vesiculae semimdes, and forming a “ mnshroom-shaped gland. » 3 

' The Cockroach, ji. 17^0. 

^ Cf. Duchamp, Her. Sci. Xat. Montpellier, vii. [? 1879], p. 423. 

® Huxley, Manual Anat. Invert. Animals, 1877, p. 416. 
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This gland is lancli larger than the testes proper, which, it is 

said, lose earlv tlieir functional activity in the species in question, 

and shrivel. There is another important accessory gland, tlie 

conglobate gland of Miall and Denny, opening on a portion of 

the external copnlatory arinonr. 

Although some species of Blattidae are domesticated in our 

houses, and their bodies have been dissected by a generation of 

anatomists, very little is known as to their life histories. The 

common “ black beetle ” of the kitchen is said by Cornelius to be 

several years in attaining the adult state. Observations made at 

Cambridge by the writer, as well as others now being carried on 

there by Mr. H. H. Brindley, quite confirm this view, the extent of 

growth accomplished in several months being surprisingly little, 

and the amount of food consumed very small. It is therefore not 

improbable that the life of an individual of this species may 

extend to five years. Phyllodromia germanica, a species that is 

abundant in the dwellings of the peoples of north-eastern Eiu’ope, 

attains its full development in the course of a few months. 

AVe have already alluded to the fact that in the Blattidae the 

eggs are laid in a capsule formed in the interior of the mother- 

insect. This capsule is a horny case varying much in size and 

somewhat less in form in the different species; it is borne about 

for some time liy the mother, who may not 

infrequently be seen running about with it 

protruding from the hinder part of the body. 

Sooner or later the capsule is deposited in a 

suitable situation, and the young cockroaches 

emerge; it is said that they are sometimes 

liberated by the aid of the mother. Mr. 

Brindley has found it very difficult to pro¬ 

cure the hatching of the young from their 

capsules. 
It is known that some Blattidae are 

viviparous. In the case of one such species, 

rtinclilora viridis, it appears probable that 

the egg-capsule is either wanting, or is present 

imperfect form.^ 
On emerging the young Blatta is in general form very similar 

to the parent, though usually much paler in colour. After casting 

’ Riley, Insect Life, iii. 1891, p. 443, and iv. 1891, p. 119. 

Fig. 126.—Egg-capsules 
of European Blat¬ 
tidae. A, Ectohia lap- 
ponica; B, Phyllo- 
droinia germanica; 
C, Heterogamia aegyp- 
iiaca. (AfterBrunner.) 

Ill only a very 
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the skin an uncertain number of times—not ■ less than five, 

probably as many as seven—it reaches the adult condition, the 

changes of outer form that it undergoes being of a gradual nature, 

except that at the last ecdysis the wings—in the case of the 

winged species —• make their appearance, and the terminal 

segments of the body undergo a greater change of form. "What 

mutations of shape may Ije undergone Ijy the thoracic segments 

previous to the final production of the wings has not apparently 

lieen accurately recorded, Fischer’s opinion Ijeing evidently based 

on very slight observation. The little that has been recorded as 

to the post-embryonic development since the observations of 

Hummel ^ and Cornelius ^ will be found in the works of Brunner.^ 

According to this latter authority, in the wingless species the 

terminal segments of the body have the same form in the early 

stages as they have in the adult state, so that this latter condition 

can only he recognised by the greater hardness of the integument. 

When tegmina or wings are present in a well-developed form in 

a Blattid, it is certain that the Insect is adult; and when there 

can he seen at the side of the mesonotum or metanotum a piece, 

however small, separated by a distinct suture, it may he correctly 

assumed that the individual is an adult of a species having only 

rudimentary alar organs. The adult female of the common 

Stylopygci orientalis shows this phenomenon. 

The cockroaches are remarkalde for the excessive rapidity 

with which they run, or rather scurry, their gait being A’ery 

peculiar. The common domestic forms, when alarmed, disappear 

with great agility, seeking obscure corners in which to hide 

themselves, it being part of tlieir instinct to flee from light. 

Hence they are called lucifugous, and are most of them entirely 

nocturnal in their activities. In the South of Europe and other 

warmer regions many Blattidae may, however, he found on luishes 

and foliage in the daytime; these, when alarmed, fall down and 

run off with such speed and in so tortiious a manner, that it 

is a very difficult matter to seize them. It is recorded that the 

males of the genus Hcterogamia are attracted by lights, though 

their apterous females keep themselves concealed underground in 

sandy places. 

1 Essais entomologiques, St. Petersburg, 1821. 

“ Beitrdge zur ndhcren Kenntniss von Periplaneta orientalis, Elberfeld, 1853. 

^ Nouv. Syst. Blattaires, 1865, p. 16, etc. 
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We may take this opportunity of alluding to the attraction 

that light exerts on Insects. Many species that conceal them¬ 

selves during the daytime and shun light as if it were dis¬ 

agreeable, are at night-time so fascinated by it that it is the 

cause of their destruction. The quantity of Insects killed in this 

way by electric and other bright lights is now enormous; in 

many species the individuals immolate themselves by myriads. 

It would appear that only nocturnal and winged species are so 

attracted. So far as we know, light has no fascination for Insects 

except when they are on the wing. The phenomenon is not 

understood at present. 

The food of Blattidae is believed to he of a very mixed 

character, though Brunner considers that dead animal matter is 

the natural nutriment of the members of this family. It is well 

known that the common cockroach eats a variety of peculiar 

substances; its individuals undoubtedly have the somewhat too 

economical habit of eating their own cast skins and empty egg- 

capsules, hut in this they only act like many other much admired 

Insects. >S'. orientcdis is gregarious, and the individuals are 

very amicalile with one another; small specimens sit on, or run 

over the hicj individuals, and even nestle under them without their 

displaying the least resentment. The common cockroach is a 

rather amusing pet, as the creatures occasionally assume most 

comical attitudes, especially when cleaning their limbs ; this they 

do somewhat after the fashion of cats, extending the head as far 

as they can in the desired direction, and then passing a leg or 

antenna through the mouth; or they comb other parts of the 

body with the spines on the legs, sometimes twisting and distort¬ 

ing themselves consideraljly in order to reach some not very 

accessible part of the liody. 
There is very little information extant as to the domestic 

Blattidae found in parts of the world outside Europe, but it seems 

that there are numerous species that prefer the dwellings of man, 

even though they only tolerate the owners. Belt says ^ “the 

cockroaches that infest the houses of the tropics are very wary, 

as they have numerous enemies—birds, rats, scorpions, and 

spiders; their long trembling antenme are ever stretched out, 

vibrating as if feeling the very texture of the air around them, 

and their long legs quickly take them out of danger. Sometimes 

1 Naturalist in Nicaragua, 1874, p. 110. 
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I tried to cliase one of tiieia np to a corner where on a wall 

a large cockroach-eating spider stood motionless looking out for 

his i»rey; the cockroach would rush away from me in the 

greatest fear, hut as soon as it came within a foot of its mortal 

foe nothing would force it onwards, hut hack it would doulde, 

fixcing all the danger from me rather than advance nearer to its 

natural enemy.” To this we may add that cockroaches are the 

natural prey of the fossorial Hymenoptera of the group Ampuli- 

cides, and that these wasps sometimes enter houses in search of 
the Insects. 

We have already noticed the considerable difference that 

exists in many cases between the sexes of the same species. 

This is sometimes carried to such an extent that nothinor luxt 
O 

direct observation could make us believe that the males and 

females are of one kin. Fig. 118 (p. 220) shows a case of this 

kind. Though the young as a rule are excessively similar to the 

adults, yet this is by no means invariably the case. In some 

of the more amply winged forms, such as Blahera, the young is 

about as different from the adult as the female of Heterogamia 
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is from its male. In Blattidae it is always the case—so far as 

is yet known—that when there is a difference as regards the 

alar organs between the two sexes, it is the male that has these 

strnctnres most developed, and this even when they can he of 

little or no nse for purposes of flight. 

Among the most interesting forms of the family are the two 

species of the genns Nocticola, recently discovered by M. Simon 

in caves in the Philippine Islands.^ They amongst the 

smallest of the Orthoptera, the male being scarcely ■§- of an 

inch long. In the larval state of N. simoni the ocular organs 

exist as three ocelli, or facets, on each side of the head, and in 

the perfect state the number is increased somewhat, as shown in 

Fig. 127, A.,. In the second species of the genus the female is 

quite blind (the male being still undiscovered). The fenestra3 

in Nocticola are absent; the tegmina and wings are totally 

wanting in the female (Fig. 127, B), but are present in a very 

pecnliar condition in the male (Fig. 127, A^). There are other 

anomalies in the structure of these cavernicolous Insects, the 

cerci being appai’ently of peculiar structure, and the spines of 

the legs more hair-like than usual. 

The condition of the eyes is remark¬ 

able ; the peculiarity in their de¬ 

velopment is worthy of stndy. 

To those who are acquainted 

with Blattidae only through our 

domestic “ black beetle ” it may seem 

absurd to talk of elegance in con¬ 

nexion with cockroaches. Yet there 

are numerous forms in which grace 

and beauty are attained, and some 

exhibit peculiarities of ornamenta¬ 

tion that are worthy of attention. 

Coryclia petiveriana (Fig. 128) is a 

common cockroach in East India. It 

has an effective system of coloration, 

the under wings and the sides of 
the body being vividly coloured with orange yellow; when the 

tegmina are closed the upper surface of the body is of a velvet- 

black colour, with cream-coloured marks; these spots are difierent 

1 See Bolivar, Ann. Soc. ent. France, 1892, p. 29. 

Fig. 128.—Corydia petiveriana, ivitli 

tegiuiua extended, A ; closed, B. 
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on the two tegmina, as shown in Fig. 128, A, but are so arranged 
that when the tegmina are closed (Fig. 128, B) a symmetrical 
pattern is produced by tlie comlhnation of tlie marks of the two 
differently spotted tegmina. It is very curious to notice the 
great difference in the colour of the part of the right tegmen 
that is overlapped Ijy the edge of the left one; this part of the 
tegmen being coloured orange yellow in harmony with the Avings. 
The result of the remarkable differentiation of the colours of tlie 
two tegmina may be summarised by saying that on the right 
one the colour of a part is abruptly contrasted with that of the 
rest of the organ, so as to share the system of coloration of the 
under-wings and body, while the corresponding part of the other 
tegmen is very different, and completes the system of symmetrical 
ornamentation of the upper surface. 

Many other members of the Blattidae have an elegaiit 
appearance, and depart more or less from their fellows in 
structural characters, with the result of adding to their graceful 

appearance ; in such cases, so far as at present 
known, these Insects are brightly coloured. 
Thus Hypnorna amoena (Fig. 129) has the 
antennae banded in white, black, and red, 
while the OA^erlapping part of the tegmina is 
arranged so as to bring the line of junction 
between them nearly straight along the middle 
line of the body, and thus produce a more 
symmetrical appearance than Ave find in other 
cockroaches. The head in this Insect is not 
so concealed as usual, and this undoubtedly 
adds someAvhat to the effectiA'e appearance of 
this cockroach. This Ausibility of the front of 

the head in Hypnorna is not, as Avould be supposed, OAving to 
its being less indexed than usual. On the contrary, the head is 
quite as strongly indexed as it is in other Blattidae, but the 
part just at the front of the thorax is unusually elongate, so 
that the eyes are exposed and the Insect has a larger held of 
Ausion. This interesting Insect belongs to the tribe Oxyhaloides 
[ITectopterinae Sauss.], in Avhieh group the most highly deA'eloped 
folded wings occur. 

The Avingless forms neA^er exhibit the grace and elegance 
possessed by some of the more active of the Avinged Blattidae. 

Fig. 129. — Hypnorna, 
amoena. Central 
America. Tribe Oxy¬ 
haloides. (After de 
Saussure.) 
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Oromphadorhina portentosa, x 
Tribe Perisphaeriides. (After Bruimer.) 

One of them, Gromphadorhina portentosa, found in Madagascar 
(Fig. 130), is a very rolmst 

Insect, and attains a length 

of 78 milliin. — somewhat 

more than 3 inches. This 

Insect has projections on the 

thorax that remind us of the 

horns that exist in some of 

the Lamellicorn beetles. 

Little has been yet written as to the resemlilances of Blattidae 

to other species of their own family, or to other creatures, hut it 

is probable that such similarities will be found to prevail to a 

considerable extent. IV. A. Forbes has called attention ^ to the 

larva of a Blattid from Brazil as being remarkalile for its super¬ 

ficial resemblance to an Isopod crustacean. Some of the wingless 

forms have a great resemhlance to the small rolling-up Myriapods 

of the group Glomerides ; Pseudoglomeris 

fornicata, of which we figure the female 

(Fig. 131), has received its name from 

„ „ this resemhlance. The females of the S. 
Fig. 131.—Pseudoglomeris for- .... 

nicata, j. Burma. Tribe African geiius JJerocalijnivm possess this 

Bruuner^^'^^*^*' Glomerid appearance, and have a peculiar 
structure of the prothorax, admitting of a 

more complete protection of the head. Brunner states that the 

wingless kinds of Derocalymma roll themselves up like wood-lice. 

In many of the forms of this tribe—Perisphaeriides—the males 

are winged, though the females are so like Myriapods. Accord¬ 

ing to de Saussure “ the gigantic Megalohlatta rnfipes hears an 

extreme resemlilance in appearance to the large cockroaches of 

the genus Blabera. 

Some of the species of Holocompsa remind us strongly of 

Hemiptera of the family Capsidae; they have an arrangement 

of colours similar to what prevails in that group, and their 

tegmina and wings which, as being those of Blattids may he 

said to be ahnornially formed, resemble in texture and the 

distribution of the venation those of the Hemiptera. These Insects 

are closely allied to Diapliana, of which genus we have figured 

a species (Fig. 122). 

^ P. ent. Soc. Lo-iulon, 1881, p. 1. 

^ Biol. Centr. Amer. Orthopt. 1893, p. 57. 
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There is very little evidence on which to base an estimate 

of the number of species of Illattidae existing in the world at 

})i'esent. Trohahly the numljer extant in collections may amount 

to 1000 or thereal)Outs, and the total existing in the world may 

be as many as 5000. The species of Blattidae cannot tolerate 

cold, and are consequently only numerous in tropical regions. 

Europe possesses al)Out twenty species, and in Britain there are only 

three tliat are truly native; these are all small Insects belonging 

to the genus Ectohia, and living out of doors, amongst leaves, 

under hushes, and in various other places. We have, however, 

several other species that have been introduced by the agency of 

man, and these all live under cover, where there is artificial warmth 

and they are protected from the inclemencies of the winter season. 

The commonest of these forms is Stylo'pyrja orientedis, the “black 

beetle ” of our kitchens and bakehouses. This Insect is said to 

have been brought to Europe from “ Asia ” aliout 200 years ago, 

hut the evidence as to its introduction, and as to the country of 

which it is really a native, is very slight. It is indeed said ^ that 

S. orientedis has been found in peat in Schleswig-Holstein. Peri- 

plrmeta cmnericana is a larger Insect, and is common in some 

places; it is apparently the species that is most usually found 

on board ships, where it sometimes multiplies enormously, and 

entirely devours stores of farinaceous food to wiiich it obtains 

access: it is known that sometimes a box or barrel supposed to 

contain biscuits, on being opened is found to have its edible con¬ 

tents entirely replaced by a mass of living cockroaches. Eortu- 

nately Periplaneta aviericana has not spread widely in this country, 

though it is found in great numbers in limited localities; one of the 

best known of which is the Zoological Gardens in the Eegent’s 

Bark at London. Periplaneta australasiac is very similar to P. 

americayia, hut has a yellow mark on the shoulder of each tegmen. 

This has ohtainerl a footing in some of the glass-houses in the 

Botanic Gardens at Cambridge and Kew; and it is said to he fairly 

well estaldished in Belfast. Another of our introduced domestic 

cockroaches is Pliyllodrorwia. r/ermanica, a much smaller Insect 

tluui the others we have mentioned. It has only established 

itself at a few places in tliis country, hut it is extremely abundant 

in some parts of Northern arid Eastern Europe. It has been in¬ 

creasing in numbers in Vienna, where, according to Brunner, it is 

^ Scliiifr, Zool. Anz. xvi. 1893, p. 17. 
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displacing Stylopyga. orientalis. In addition to these, Ilhyparohia 

maderae and species of the genus 

Blahera have been met with in 

our docks, and are possibly always 

to be found there. Theyare Insects 

of much larger size than those 

we have mentioned, '\^"e figure 

the alar organs of one of these 

species of Blahera of the natural 

size: the species in this genus 

are extremely similar to one an¬ 

other. Blaberae are known in 

the West Indies as drummers, it 

being supposed that they make a 

noise at night,^ but details in con¬ 

firmation of this statement are wanting. 

It is a remarkable fact that no satisfactory reasons can be 

assigned for the prevalence of one rather than another of these 

domestic cockroaches in particular localities. It does not seem 

to depend at all on size, or on the period of development, for 

the three species Stylo-pyga orientcdis, Periplaneta cvmericana, and 

Phyllodromia germanica, which are the most abundant, differ 

much in these respects, and replace one -another in particular 

localities, so that it does not appear that any one is gaining a 

permanent or widespread superiority as compared with another. 

There are, however, no sufficient records on these points, and 

further investigation may reveal facts of which we are at present 

ignorant, and which will throw some light on this subject. We 

may remark tliat Mr. Brindley has found it more difficult to 

obtain hatching of the young from the egg-capsulec of Periplaneta 

americana. and Pliyllodroinia gervianica at Cambridge, than from 

those of Stylopyga orie^italis. 

Although much work has been done on the emliryology of 

Blattidae, the subject is still very incomplete. The recent memoirs 

of Cholodkovsky “ on Phyllodromia germanica contain so much of 

general interest as to the development of the external parts of the 

body that we may briefly allude to them. The earliest appearance 

of segmentation appears to be due to the centralisation of numerous 

1 Westwood, Modern Class. Insects, i. 1839, p. 418. 

" Zeitschr. iviss. Zool. xlviii. 1889, p. 89; a.\\dMcm.Ac. St. Pctersb. .xxxviii. Ko. 5,1891. 

Fig. 132.—Alar organs of Blahera sp. 
A, tegmen ; B, wing. 
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cells round certain points in the ventral plate. The segmentation 

of the anterior parts is first distinct, and the appearance of the 

appendages of the body takes place in regular order from before 

backwards, the antennae appearing first; the mandibles, however, 

become distinct only subserpient to the maxillae and thoracic 

appendages. There are in the course of the development append¬ 

ages to each segment of the body (he counts eleven abdominal 

segments); the cerci develop in a similar manner to the anten¬ 

nae ; the first pair of abdominal appendages—at first similar to 

the others—afterwards assume a peculiar stalked form. The 

abdominal appendages subsequently disappear, with the exception 

of the ninth pair, which form the ventral styles, and the 

eleventh pair, which become the cerci. The last ventral segment 

is said to he formed by the union of the tenth and eleventh 

embryonic ventral segments. 

As regards their Palaeontological forms Blattidae are amongst 

the most interesting of Insects, for it is certain that in the 

Carboniferous epoch they existed in considerable number and 

variety. A still earlier fossil has been found in the Siluidan 

sandstone of Calvados; it con¬ 

sists of a fragment (Fig. 133, 

A), looking somewhat like an 

imperfect tegmen of a Blattid; 

it was described by Brongniart 

under the name of Falaeohlat- 

tina douvilhi, and referred by 

him, with some doubt, to this 

family. Brauer has, however, 

expressed the opinion ^ that 

the fragment more probably 

Pig. 133.—A, Tegmen (?) of belonged to an Insect like the 
dotmllei; B, of Etohlattina manebach- 1 l ■ a 
ends. (After Brauer and Scudder.) mole-CUCket, and in View ot 

this discrepancy of authorities 
we may be pardoned for expressing our own opinion to the effect 

that tlie relic has no connexion with the Insecta. The figure 

given by Scudder ^ luis not, however, so uninsect-like an appear¬ 

ance as that we have copied Iroin Brauer. A’^hatever may prove 

to be the case with regard to Palaeoblattina, it is certain, as we 

’ Ann. Hqfmus. IVicn., i. 1886, p. 104. 

^ Zittel, Handb. Falacont. I ALth. ii. 1885, p. 753. 
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have already said, that in the Palaeozoic epoch Insects similar to 

our existing cockroaches were abundant, their remains being 

found in plenty in the coal-measures both of Europe and North 

America. Eig. 133, B, shows a fossil tegmen of EtoMattina 

vianehachensis from the upper Carboniferous beds of Ilmenau 

in Cfermany. It will be noticed that the disposition of the 

nervures is very much like that which may be seen in some 

of our existing Blattidae (cf the tegmen of Elabera, Eig. 

132, A), the vena dividens (a.) being similarly placed, as is 

also the mediastinal vein on the front part of the organ. 

The numerous carboniferous Blattidae have been separated as a 

distinct Order of Insects by Scudder under the name Palaeo- 

blattariae, but apparently rather on theoretical grounds than 

because of any ascertained important structural distinctions. He 

also divided the Palaeoblattariae into two groups, Mylacridae and 

Blattinariae, the former of which was supposed to be peculiar 

to America. Brongniart has, however, recently discovered that 

in the Carboniferous deposits of Commentry in France Mylacridae 

are as common as in America. This latter authority also states 

that some of the females of these fossil Blattidae are distinguished 

I)y the presence of an elongate exserted organ at the end of the 

body. He considers this to have been an ovi¬ 

positor Ijy which the eggs were deposited in 

trees or other receptacles, after a manner that 

is common in certain Orthoptera at the present 

day. If this view be correct these Carbon¬ 

iferous Insects must have been very different 

from the Blattidae of our own epoch, one of 

whose marked characteristics is the deposition 

of the eggs in a capsule formed in the body of 

the parent. 
In the strata of the secondary epoch re¬ 

mains of Blattidae have also been discovered 

in both Europe and America, in Oolitic, Liassic, 

and Triassic deposits. From the Tertiary 

strata, on the other hand, comparatively few 134.—Front leg 

species have been brought to light. A few of Peripianeta 

have been discovered preserved in amber. 
The classification of the Blattidae is attended with considerable 

difficulty on account of the numerous wingless forms, and of the 
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extreme difference in the organisation of the two sexes of many 

species. It has, however, been In’ought to a fairly satisfactory 

state hy the reiterated laljours of Brunner von "Wattenwyl, and 

we reproduce his recently perfected exposition of their characters. 

His first division is made Ijy means of a structure which is very 

easily ol)served, viz. whether the femora are armed with spines, 

as in Fig. 134, or not. The terms used in connexion with the 

wings and other parts of the Ijody we have already explained. 

Brunner’s system is adopted hy de Saussure,^ who, however, 

proposes to replace the names Ectobiides and Oxyhaloides hy 

Anaplectinae and Plectopterinae. He also proposes to apply the 

generic name Blatta to the Insect that is now so frequently called 

Phyllodromia germanica in zoological works. If that view he 

adopted, Brunner’s group Phyllodromiides will he called Blattides. 

Table of the tribes of Blattidae, after Brunner :— 

1. Femora spiny beneath.^ 
2. The last ventral plate of the female large, without valves. 

3. Supra-aual lamina of both male and female transverse, narrow. 
Wings, when present, furnished with a triangular apical field. 
Posterior femora unarmed beneath, or armed with two spines on 
the anterior margin. Egg-capsules furnished with a longitudinal 
suture. Tribe 1. Ectobiides. [Anaplectinae Saussure.] 

3'. Supra-anal lamina of each sex more or less produced, triangular, 
or emarginate. Wings, when present, without apical field. Pos¬ 
terior femora with both edges spiny. 
4. Supra-anal lamina of each sex triangular, not notched. Cerci 

projecting much beyond this lamina. 
5. Pronotum and elytra smooth {i.e. without peculiarity of 

surface other than punctuation). The radial nervure of the 
wing giving off several parallel branches, pectinate on the 
anterior margin (except in the genus Ah'odiaeta). Tarsal 
joints without pads. Tribe 2. Phyllodromiides. [Blattinae 
Saussure.] 

5. Pronotum and elytra holosericeous. Radial nervure of the 
wings giving off irregular branches on the anterior margin 
(ulnar vein maiiy-branched). Tarsal joints furnished with 
pads. Tribe 3. Nyctiborides. 

4'. Supra-anal lamina of males more or less four-sided, with obtuse 
angles, of females broad, rounded, or lobed. Cerci not pro¬ 
jecting beyond the lamina. (Tarsal joints with distinct pads.) 
Ulnar nervure of the wings giving off parallel branches towards 
the vena dividens. Tribe 4. Epilamprides. 

* Biol. Oentr.-Aiiior. Orthoptera, 1893. 

^ Altliough the genus Chorisoneura has unarmed femora, it must be placed in this 
division. 
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2'. The last ventral plate of the female furnished with valves. Tribe 

5. Periplanetides.i (FiK- 119, Feriplaneta australasiae.) 

1'. Femora unarmed beneath. (In the tribe Panesthiides the anterior 

femora are frequently armed with two spines.) 

2. Supra-anal lamina of each sex more or less produced, posterior margin 

notched. 

3. A distinct pad between the claws. Tribe 6. Paxchlorides. 

3'. No pad between the claws, or only an excessively small one. 

4. Winra with a folded fan-like anal field. Pronotum smooth. 
O 

Tribe 7. Blaberides. (Fig. 132, Blahera sp. wings.) 

4'. Anal field of the wing with a single fold. Pronotum more or 

less pilose. Tribe 8. Corydiides. (Fig. 128, Gorydia 2)eti- 

veriana. Fig. 118, Heterogamia aegyiytiaca.) 

2'. Supra-anal lamina of each sex, short, transverse, posterior margin 

straight or rounded. 

3. Subgenital lamina of the male somewhat produced, furni.shed 

with a single style. Tarsal claws with a distinct pad (except in 

the genus Paranauphoeta). 

4. Anterior portion of the wings pointed, either the apical field of 

the wing very much produced, or the wings twice as long as 

the tegmina, folded in repose. Tribe 9. Oxyhaloides. [Plec- 

topterinae Saussure.] (Fig- 129, Hypnorna amoena.) 

4'. Anterior portion of wing, when present, rounded, ivith no 

apical field. Tribe 10. Perisphaeriides. (Fig. 130, Grom- 

phadorhina portentosa ; Fig. 131, Pseudoglomeris fornicata.) 

3'. Subgenital lamina of males extremely small, without styles. No 

pad between claws. Tribe 11. Panesthiides. 

To the aljove tribes another one—Geoscapheusides—has been recently 

added by Tepper,- for an extraordinary Australian Insect of fossorial habits, 

with front legs formed somewhat like those of GrylLtalpa. 

AThe “black beetle,” Stijloptjga orientaUs,h&\on^ii to this tribe, as does also 

I’eriplaneta amcricana. 

2 Tr. R. S'or. A. Austral, xvii. 1893, p. 68. 
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CHAPTER X 

• ORTHOPTEKA CONTINUED-MANTIDAE-SOOTHSAYERS 

Fam. IV. Mantidae—Soothsayers or Praying Insects. 

Ortluyptera with exscrted. hut dejiexed head and elongate iirotliorax, 

the first pair of legs largely developed, raptorial, the coxae 

elongate, free, femora and tibiae armed with sjnnes : second 

and third p)air of legs simple and similar ; the tarsi five- 

jointed, without a pad (arolium) between the claws ; a pair 

of jointed cerci near the extremity of the body. 

The Mantidae are an extensive family of Orthoptera, showing 

extreme variety in the shapes and outlines of the body, and 

characterised by the very remarkable front legs; the function of 

these legs feeing to seize and hold their prey, which consists of 

living Insects, Mantidae being carnivorous and highly A’oracions. 

The labium is deeply divided, each half exhibiting a very 

near approach to the structure of a maxilla; there is a large 

membranous lingua reposing on the inner face of the lower lip. 

The head is quite free from the thorax, its front part being 

(leflexed, and even somewhat indexed, so that the mouth is directed 

downwards and somewhat backwards : it is very mohile, being 

connected to tlie thorax by a comparatively slender neck, which 

is, however, concealed by the pronotuni. There are two large, 

prominent eyes, the antennae are frequently very slender, hut 

they sometimes differ according to sex, and in some genera 

are pectinate in the male; just above and between their inser¬ 

tion are three ocelli ])lace(l in a triangle, two above, one below; 

l)etween the antennae and the clypeus there is an interval 

called the scutellar space. In some forms of Mantidae the 

head assumes most extraordinary shapes; the eyes may become 
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elongate and Jiorn-like; there may he a projection between them 

hearing the ocelli, and attaining occasionally a great length; the 

scutellar space also may have a remarkable development, the 

L'ig. 135.—T}e7-i>2)latys saraicaca, inmale. Borneo. (After Westwood.) 

whole thus I'orming a peculiar ornamental structure, as in Fig. 
136. 

The prothorax is elongate, hut there are a few genera, e.g. 

Ereviiapliila, in which it is exceptionally short, and there are 

several others in which the elongate form is more or less masked 

by foliaceous expansions of tlie sides. The pronotum shows 

near the front a transverse depression or seam, which marks the 

position of an internal chitinous ridge. The anterior legs are 
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inserted near the front of the prosternuia, which extends less 

far forwards than the pronotnni does ; tlie posterior part ol the 

prosternnm is very elongate, and is completely separated from 
the anterior part l)y the l)ase of 

the coxae and the memljranes 

attached to them; the pronotum. 

and sternum are closely connected 

at the sides till near the posterior- 

part where they diverge, the space 

so formed heing occupied hy a 

membrane in which the prothoracic 

stigma is situated. The meso- 

thorax is as long as l)road, and 

the front wings are attached to 

the whole length of the sides ; the 

mesosternum is a triangular ])iece 
Fig. 136.—Head of pointed behind, and bearing very 

seen from tlie front. , . , . j. i i ' 
large side-pieces, to the liimler 

portion of which the middle coxae are attached; these latter are 

large and quite free, and repose on the metasternum which they 

cover; the mesothoracic stigma may l)e detected as ii slit situated 

on a slight prominence just behind and a little below the inem- 

l)raiious hind-margin of the tegnien. The metatliorax ditfei’s 

comparatively little in size and structure from the mesothorax ; 

the inembraiious hind wings are attached to the sides of the 

notiini along nearly the whole length of the latter. The abdo¬ 

men is moderately long; in each sex ten dorsal plates may be 

detected, and there is a pair of ringed cerci projecting from 

lieneath the sides of the tenth plate. Tlie number of ventral 

plates is more difficult to verify, the first one being much 

reduced; eight other plates can be demonstrated in the male 

and six in the female. 

The anterior leifs are formed in a. remarkalile manner in the 

Maiitidae, and are, in fact, the most characteristic feature of the 

family. Attacheil near the front of the thorax there is a very 

long coxa, to the apex of which is articulated the triangular 

trochanter; this bears the elongate femur, which is furnished on 

its lower face with sharp spines and teeth; the tibia which 

follows is much shorter and smaller than the femur; its lower 

face bears also au armature of teeth, and it is so articulated with 
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Fig. 137. — Front leg of 
Empusa pauper at a, 
female; A, with tibia 
ex'teiided and tarsus 
wanting ; B, more mag¬ 
nified (the basal parts 
removed), showing the 
mode of closure. 

the teinnr that it can lie completely closed thereon, its teeth 
litting in among those of tlie feinnr (Fig. 

1 d 7, ]1) ; the latter has one or more longer 

spines overlapping the apic;tl part of the 

tibia when contracted. The tarsns is 

slender, five-jointed, without pad. The other 

two pairs of legs are simple; the hinder 

nsnally a little the longer, and in some 

species that possess powers of leaping 

(Ameles), with the femora a little thicker 
at the base. 

The alar organs of the Tlantidae are 

as regards the nervnres and areas fairly 

similar to those of the Blattidae. The 

tegmina are nsnally narrow, and exhiliit 

three well-marked areas; the one in front 

or external (according as the wing is 

expanded or closed) is the mediastinal 

area; it is nsnally more elongate and 

occmpies a larger portion of the surface of the tegmen than in 

Blattidae. The middle area, forming the larger part of the 

wing, is occnpied liy the liranches of the radial and nlnar 

nervnres. The third area, the anal, possesses a sort of appendage 

in tlie form of a small space of a more delicately membranous 

nature at the inner part of the base. The tegmina are often 

more or less leaf-like in textiire and consistence ; this character 

is as a rule not very marked, hut there are a few species with the 

tegmina very like foliage, this being more marked in the female; 

in some, if not in all, of these cases the mediastinal area is con¬ 

siderably increased. One tegmen overlaps the other, as in Blat¬ 

tidae, but to a less extent, and the correlative asymmetry is hut 

slight: there is frequently a pallid spot close to the main vein 

on the principal area, nearer to the base than to the extremity. 

The hind wings are more ample than the front, and of much 

more delicate consistence; they possess numerous veins converg¬ 

ing to the base; the anterior part of the wing is firmer in con¬ 

sistence, and its veins are more numerously furcate; there are 

many more or less distinct minute cross-veinlets, and an elegant 

tinting is not infrequent. They close in a fan-like manner, 

transverse folding being unknown in the family. 
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l)Ut little lias lieeu written on the internal anatomy of the 

Mantidae. 1 )nfonr lias ilescrihed only very partially that of M. 

religiosa. The salivary glands are largely developed, salivary 

receptacles exist; the alimentary canal possesses eight elongate 

coecal diverticnla placed on the cliylific ventricle ; there are 

ahont one hnndred IMalphigian tubules. In each ovary there 

are about 40 egg-tulies, and they are joined at their bases in 

clusters of about half a dozen; each cluster has a common sinus; 

these sinuses are placed at intervals along a tube, which is one 

of two branches whose union forms the oviduct; there are a 

large number of “ serific glands ” of two kinds in the female. 

The testes are unusually com])lex in their structure. 

According to Schindler ^ the Malphigian tidjes in Mantis are 

not inserted, as usual, at the base of the inte.stine, but on the. 

intestine itself at about one-third of its length from the Imse. 

There is some doubt al)Out this observation. Schindler considers 

the fact, if it be such, unique. 

The eggs of the Mantidae are deposited in a singular manner: 

the female, placing the extremity of the l)ody against a twig or 

stone, emits some foam-like matter in which the eggs are 

contained. This substance dries and forms the ootheca; whilst 

attaining a sufficient consistence it is maintained in position by 

the extremity of the body and the tips of the elytra, and it i.s. 

shaped and fashioned by these parts. The eggs are not, as 

might be supposed, distributed at random through the case, but 

are lodged in symmetrically-arranged chambers, thoi;gh how these 

chambers come into existence by the aid of so simY)le a mode 

of construction does not appear. The capsule is hard; it cpiite 

conceals the eggs, which might very naturally be supposed to be 

efficiently protected l)y their covering: this does not, however, 

appear to be the case, as it is recorded that they are srdjject to 

the attacks of llymenopterous parasites. The time that elapses 

after the eggs are laid and before they hatch varies greatly 

according to circumstances. In France, Mantis religiosa- deposits 

its eggs in Sei)tember, l)ut they do m)t hatcli until the following 

June; while in E. India the young of another species of Mantis 

emerge from the eggs about twenty days after these have been 

deposited. Trimen has recorded some particulars as to the 

formation of its egg-case by a Mantis in S. Africa. This 

* Zeitschr. ^viss. Zoo!, xxx. 1878, p. 609, 24- xxxviii. fig. 7. 
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specimen constructed four nests of eggs at intervals of about a 

fortnight, and Trimen states that the four were “ as nearly as 

possible of the same size and of precisely similar shape.” He 

also describes its mode of feeding, and says 

that it was fond of house-flies, and would 

eat “ blue-bottles,” i.e. Musca vomitoria, but 

if while eating one of the latter a house-fly 

were introduced, the “ blue-bottle ” was gener¬ 

ally dropped, even though it might be in 

process of being devoured. The young have 

to escape from the chambers in which they 

are confined in these egg-cases; they do so 

in a most curious manner; not by the i;se 

of the feet, but by means of spines directed 

Imckwards on the cerci and legs, so that 

when the body is agitated advance is made 

in only one direction. The eggs last de¬ 

posited are said to be the first to hatch. 

On reaching the exterior the young Mantids 

do not fall to the ground, but remain sus¬ 

pended, after the manner of spiders, to the 

ootheca by means of two threads attached to 

the extremities of the cerci; in this strange 

position they remain for some days until the 

first change of skin is effected, after which 

they commence the activity of their predatory life. 

Dr. Pagenstecher has given an account ^ of the development 

of ]\Icintis Teligioscc, from which it would appear that the statements 

Fig. 138.—Egg-case of 
Mantis with young 
escaping : A, the case 
with young in their 
position of suspension; 
B, cerci magnified, 
showing the suspen¬ 
sory threads. (After 
Brongniart.) 

of Fischer and others as to the number of moults are erroneous, 

owing to the earliest stages not having been observed. When 

the young Mantis emerges from the egg it bears little resemblance 

to tlie future Insect, but looks more like a tiny pupa; the front 

legs, that will afterwards become so remarkable, are short and not 

different from the others, and the head is in a curious mummy¬ 

like state, with the mouth-parts undeveloped and is inflexed on 

the breast: there are, he says, nine abdomimil segments. The 

first ecdysis soon takes place and the creature is thereafter 

recognisable as a young Mantis. Pagenstecher s specimens at 

first would only eat Aphididae, but at a later stage of the 

* Arch. f. Naturgesch. x.xx. Band 1, 1864, p. 7. 
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development they devoured other Insects greedily: the number 

of ecdyses is seven or eiglit. The ocelli appear for the first time 

wlien the wing rudiments do so ; the number of joints in the 

antennae inci’eases at each inoult. Dr. Pagenstecher considers 

that this Insect undergoes its chief meta¬ 

morphosis immediately after leaving the egg, 

the earlier condition existing apparently to 

fit the Insect for escaping from the egg-case. 

In the immature stage of the iMantidae the alar 

organs appear (Fig. 139) as adjuncts of the 

sides of the meso- and meta- notum, projecting 

I)ackwards and very deeply furrowed and 

ribbed in a wing-like manner. According to 

Fk;. 139. — Tesiuiua Pagenstechei', this wing-like appearance only 
(c) and witig,s (lo) of commences in the fifth stadium, but he has 
immature JAntU's. . . , t • 

not given particulars of the conditions of 

these parts in the preceding instars. According to de Saussure ^ 

the wings of the females of some species remain permanently in 

this undeveloped or nymphal state. 

The Mantidae, as a rule, have a quiet unobtrusive mien, and 

were it not for their formidable 

front legs would look the picture of 

innocence; they, however, hold these 

legs in such manner as to greatly 

detract from the forbidding appear¬ 

ance thereof, stretching them out only 

partially so as to give rise to an 

appearance of supplication or prayer 

this effect is increased by their 

holding themselves in a semi-erect 

position, standing on the hind and 

middle legs with the upper parts of 

the body directed somewhat for¬ 

wards, hence they are called by 

various names indicating prayer or oratona, female. 
. ^ o r t/ bouth Europe. Natural size. 

supplication, and it is said that in 

some countries they are considered sacred. Some of the older 

' Biol. Centr. Amcr. Orthopt. 1894, p. 160. 

Our tigure.s do not exliibit tins attitude ; if portrayed iu their natural position 

ill a drawing the front legs would be to a large extent obscured. 
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writers went so far as to say that a 2Iantis w’ould. indicate 

the road a child should take by stretching out one of its arms 

in the right direction. The traveller Biirchell, speaking of 

a species since described by Westwood under the name of 

Tarachodes lucuhrajis, says: “ I have become acquainted with 

a new species of Mantis, whose presence became afterwards 

sufficiently familiar to me by its never failing, on calm warm 

evenings, to pay me a visit as I was writing my journal, and 

sometimes to interrupt my lucubrations by putting out the 

lamp. All the Mantis tribe are very remarkable Insects; and 

this one, wdiose dusky sober colouring well suits the obscurity of 

night, is certainly so, by the very late hours it keeps. It often 

settled on my book, or on the press where I w^as writing, and 

remained still, as if considering some aftair of importance, with 

an appearance of intelligence wdiich had a wonderful effect in 

withholding my hand froni doing it harm. Although hundreds 

have down within my power, I never took more than live. 1 

have given to this curious little creature the name of 2Iantis 

iucvhruns ; and haviim no doubt that he will introduce himself 

to every traveller who conies into this country [Southern Africa] 

in the months of Aovemher and December, I lieg to recommend 

him as a harmless little com])anion, and entreat that kindness and 

mercy may. he shown to him.” This appearance of innocence 

and quietness must have struck all wdio have seen these Insects 

alive; nevertheless, it is of the most deceptive character, for the 

creature’s actiAoty consists of a series of Avholesale massacres 

carried on day after day, the number of victims it sacrifices being 

enormous. The Mantis does not even spare its own kind; it 

is well known that the female not unfrequently devours its own 

mate. A A^ery different picture to that of Burchell has been 

draAvn by Potts, who oI).served the habits of a species in 'New 

Zealand.^ He informs us that Avhen about making an attack it 

approaches its intended prey Avith sIoav, deliberate movements, its 

anterior limbs folded in an innocent fashion, noAV and then 

raising itself or lifting the prothorax in a stealthy quiet manner, 

perhaps to judge accurately of its distance; Avhen near enough, 

Avith one sAvift dart the victim is secured. The prey is held 

' The name of the species is not given {Tr. iV. Z. Inst. xvi. 1883, p. 114), but 
it is probably Orthodera ministralis Fab., an Australian Insect perhaps taken to 

New Zealand by miners. Cf. Wood-Mason, Cat. Mantodea, i. 1889, p. 20. 
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firmly in the formidable trap formed Ijy the anterior leg, and is 

thus brought near the mouth. The Mantis usually commences 

its feast by taking oft' some portions of the head of its wretched 

victim, and displays an absolute indifference to its struggling or 

kicking; the mandibles having seized a portion of the food, the 

legs holding it move away, thus leaving a fragment in the mouth. 

I’ortions only of a captured Insect are consumed, much being cast 

away ; and Mr. Totts states that he has seen one of these voracious 

creatures kill and devour parts of ftjurteen small flies within a 

very brief space of time. This voracity and waste of animal 

food is very I’emarkable when we recollect that many Insects 

have such perfect powers of assimilation that during their whole 

period of growth they only consume a mass of food—and that 

vegetable—but little larger in size than the ljulk they themselves 

attain. This fact is well known in the case of Brucluis, Caryo- 

borus, and other seed-feeding Insects. Eimneister has stated good 

grounds for believing that some of the larger Mantidae do not 

coniine themselves to Insect diet, but attack and devour small 

Vertebrates.^ He has given a circumstantial account of a case at 

Buenos Ayres, where a small bird was secured by the wingless 

female of a large Mantis, which had commenced devourino- its 

head when the observer took possession of the creature and its 

booty. Hubois states ^ that when a decapitated, but living. 

Mantis was suspending itself to a roll of drapery by its four 

posterior legs, a person could detach with the fiugers the left 

anterior leg (of the four) and the right posterior, or conversely 

the left posterior and riglit anterior, without the interference 

producing any action on the part of the creature; lait if one 

of the other legs was also interfered with, which would neces¬ 

sarily have changed the position of the body, then immediately 

one of the two unoccupied legs was placed by the creature in a 

proper position to assure its stability. This retlex action alto¬ 

gether resend (led in appearance a conscious action, and was as 

eftectually })erformed. 

The combination in Mantidae of voracious and destructive 

instincts with lielpless and inert attitudes gives rise to the idea that 

these latter are adopted for the purpose of deceiving the living 

])i'ey and of thus more easily obtaining the means of subsistence. 

' Berlin, ent. Zcitschr. viii. 1864, p. 234. 

- Ann. Soc. Linn. Lyon, xi. 1893, p. 205. 
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It appears, however, more proljahle that the helpless attitudes 

have no such origin, hut are due to the structure and form of the 

creature. The front legs being wonderfully well formed for 

raptorial purposes, have no capacity for locomotion or for support¬ 

ing the Insect in the usual manner, so that the liody has to he 

borne by the hinder two pairs of legs; at the same time the 

raptorial pair of limbs—which, it will be recollected, are of great 

size and attached to the anterior part of an unusually long 

prothorax—have to be held in such a position as will not derange 

the equilibrium maintained by the posterior part of the body; 

moreover, these large raptorial legs are entirely exserted, and 

have no trace of any articulatory cavity that might act as a 

mechanical aid to their support. Thus they could not be held 

extended without great muscular exhaustion; hence we can 

well believe that the sedentary and helpless attitudes of the 

creature are not the results of any guile. 
A Mantis has been recorded as bearing a close resemblance 

to a Phasmid of the genus Bacillus and having only small front 

legs ; it was suggested by Bates ^ that the INIantis would probably 

be found to feed on the Bacillus. Though the case is of con¬ 

siderable interest, no further information about it has been 

obtained. 
The simplest forms of the family are found in the groups 

Amorphoscelides and Ortlioderides. Prom our figure of one of 

these (Fig. 141, Mantoicla luteola $), it will 

be seen that the peculiarities of the family 

can scarcely be detected, the raptorial legs 

lieing very little developed and the prothorax 

short. The sexes, too, differ l;)ut little in 

these simple forms. Most of them are very 

rare in collections, but Mood-Mason states - 

that Amorplioscelis anmdicornis is frequently 

found about Calcutta o.t the trunks of 

trees, to the bark of which it is so similar s-antarem. 

that it is only discovered with difticiilty. 
In its rapid movements it resembles the cockroaches or Mctchths, 

more than it does tlie more differentiated forms of its own 

group. 

1 Proc. ent. Soc. London, 1867, p. cv. 

2 Cat. Mantodea, i. 1889, p. 4. 
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In the genus l^/rf/omanti.^t (Fig. 142, P. singtdaris, feniale) 

the male has the tegmina and wings of normal size, while in 

the female they are rudimentary. 

The vai'iety of shai)e and external appearance in this family 

is very great; de Saussure considers it to Ite a mimetic group. 

In certain species some parts of the body—more especially the 

tegmina—liave very much tlie appearance of foliage, and nsnally 

in such cases this appearance is contined to the female, the males 

in this family having, as we have said, the organs of Hight more 

ti’ans])are]it and colourless; in the former sex the alar organs, 

Fig. 142. — Pyrgomantis singularis, 
female. S. Africa. (After West- 
wood. ) 

Fig. 143.—Outline of Pliaeradodis 
I'toiceUaia V, nymph. (After 
Wood-Mason.) 

wlien present, are fre(}uently but little adapted for liying. In 

some species the prothortix is expanded at the sides (Fdg. Ido, 

Dcrojylatys sarawnm; and Fig. 14;'), Choemdodis canrcllafa), and 

in such cases the outline of the natural thorax—if we may use 

siudi an expression—may be detected occupying the middle of 

tile unusual expansion. The Fluropean Mantis rcligiosa varies 

much in colour; in some examples the tegmina are leaf-green, 

wliile in others they are brown or gray. There is some evidence 

extant nud-iing it probable that in some species the colour of an 

indivitlual changes at different times—Colonel Flowker saying of 
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Harpax ocellata that it “ heats the C'hameleoii hollow in changing 

colour.” 

Some of the species of the old genus UreviiapMla (Fig. 144) 

are of very unusual form. De Saus- 

sure considers that some species of 

this genus are more highly modified 

than any other animals for maintain¬ 

ing their existence in desert regions. 

They are said to be found in places 

where no vegetation exists, and to 

assimilate in appearance with the 

sandy soil, the species varying in 

colour, so that the individuals agree 

in tint with the soil on which they 

dwell. These Insects are referred to 

the group Orthoderides, and have a 

short prothorax, the alar organs being 

unsuited for flight. What they live 
on is not actually known; although other Insects are the 

natural food of Mantids, it is said that these desert-frequent¬ 

ing species occur in spots where no other Insect life is known 

to exist. Lefebvre ^ met with these Eremiaphilas in the desert 

between the Nile and the Northern Oasis, El Bahryeh, but was 

quite iinable to discover their mode of subsistence. These 

Insects are very rare in collections, and the information we 

possess about them is very meagre. 
Mr. Graham Kerr found on the Pilcomayo river a species of 

Mantidae living on branches of trees amongst lichens, which 

it so exactly resembled that it was only detected by the move¬ 

ment of a limb; it was accompanied by a Phaneropterid grass¬ 

hopper, which bore a similar resemblance to the lichens. One 

of the rarest and most remarkable forms of Mantidae is the 

genus Toxodera, in which the eyes project outwards as pointed 

cones (Fig. 145). These Insects offer an interesting prolflem 

for study, since we are entirely ignorant about them. Brunner 

places the Toxoderae in his tribe Harpagides, but with the 

remark that “ these Insects of antediluvian shapes differ essen¬ 

tially from all other Mantidae.” 
IPood-Mason informs us ^ that the young of Hijmenopics Ucornis 

^ Ann. Soc. ent. France, 1835, p. 457. " P- ent. Soc. London, 18/7, p. xxix. 

Fig. 144.—Eremia.phila turcica. 
(After Westwood.) 
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beaiitiiully siinnlute blossoms of different colours. And it has 

been stated by Dr. "Wallace, on the authority of a communication 

made to him hy Sir Charles Dilke, that a small Mantis foimd in 

Java exactly resembles a pink (Jrchis-tlower, and this species 
“ was not only said to 

attract Insects, but even 

the kind of Insects (but- 

terhies) which it allures 

and devours was men¬ 

tioned.” "We do not know 

<d' what species or genus 

this Insect may Ije, hut 

Hyvienoims bicornis is a 

peculiar form of the tribe 

Ilarpagides, and has, to¬ 

gether with its younger 

state, been figured long 

ago by Caspar Stoll in 

his quaint and interest- 

ing old book.^ Though 

it has very peculiar foli- 

aceoiis expansions on the 

two hinder pairs of legs, 

these dilatations are very 

different from those seen 

in the curious Gongylus 

yongyloides, the female 

(.)f which we figure (I'ig. 

14 G). This latter, accord- 

iim to the information 
O 

we shall quote, is also a 

“ floral simulator.” Speciimms of G. gongyloldcs were shown to 

the members of the Asiatic Society of Bengal in 1877 by Dr. J. 

Anderson," who at the same gave some information about them 

which we shall reproduce in full, because, incomplete as it is, it 

is ai)])arently almost the sole piece of definite information wc 

possess as to this curious Insect, or any of its congeners :— 

“ These Ins(‘cts all came from the same locality, having been 

' Afbeddi'iKjeiv tier Sjiukcii c7i wandclcnde Bladen, etc., Amsterdam, 1813. 

- Asiat. Hoc. Bengal, 1877, p. 193. 
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forwarded to Mr. Buckland by Mr. Laryniore of the Central Jail 

at Midnapur. Mr. Laryniore had procured them from the neigh¬ 

bouring country district, where Santal women and children had 

hunted them out and brought them in, hanging on branches or 

twigs of a bush, somewhat like a wild plum-tree. They are also 

said to be tound upon rose-bushes, and in connexion with this it 

was observed that, in Midna})ur, they were known as rose-leaf 

Insects, from the circumstance that when the Insect is more 

developed and furnished with wings, the foliaceous appendages 

are said greatly to increase in size, and exactly to resemble rose- 

leaves. JJr. Anderson, however, was disposed to think that more 

than one species might probably occur in the Midnapur district, 

and that these Insects with the larger foliaceous expansions might 

be distinct from the species now before the Society. 
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“ Mr. Biickland liad made over these Insects to Dr. Anderson, 

and since that time they liave l»een regularly fed upon lujuse-tlies 

and grasshoppers; the latter, however, appear to be rather to( > 

strong for them, and they therefore })refer the flies. They have 

been tried with small I'ragnients of plaintain and custard-apple, 

which they not only eat, hut the juice of which they seem to 

suck with consideralfle a^'idity, Dr. Anderson, however, thought 

that it was the moisture of these fruits that was the chief attrac¬ 

tion to these Insects, for the entire character of their organisation 

indicated a raptorial haldt. 

“ Dr. Anderson went on to say that he had succeeded in 

identifying the three larger Insects by means of a single dried 

specimen in the Indian Museum, which, however, was full}' 

mature and provided with wings. The.se remarkable Insects 

proved to be the pnpae of a peculiar species of which was 

known to Aldrovandus, who figured it more than a century and 

a half before the first appearance of the Systema Xaturae of 

Linnaeus, to whom it was known as Gryllus gongyhides, and also 

as Mcmtis gongylodes ; and since the time of Aldrovandus it had 

been figured in a variety of works on Xatural History, I)ut 

apparently in every instance from mature, and seemingly dried 

specimens, so that the colours of the Insect during life had never 

Iieen correctly described. 

“ So much by way of introduction to these remarkable pupal 

Mantises, the recognised scientific name of which is Gongylua 

gongylodes L. 

“ The reason which induced Dr. Anderson to bring them to 

the notice of the Society had now to be pointed out. On looking 

at the Insects from above, they did not exhibit an}' very striking- 

features beyond the leaf-like expansion of the prothorax and the 

foliaceous appendages to the limbs, both of which, like the npper 

surface of the Insect, are coloured green, but on turning to the 

under surlace the aspect is entirely different. The leaf-like ex¬ 

pansion of the prothurax, instead of being green, is a clear, pale 

lavender-violet, with a. faint jiink bloom along the edges of the 

leaf, so that this portion of the Insect has the exact appearance 

of the corolla of a plant, a floral siinnkition which is ])erfected 

by the presence of a dark, blackish brown spot in the centre, 

over the prothorax, and which mimics the opening to the tube of 

a corolla. A favourite position of this In.sect is to hang head 
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downwards among a mass of green foliage, and, when it does so, 

it generally remains almost motionless, hut, at intervals, evinces a 

swa}dng movement as of a flower touched by a gentle breeze; 

and while in this attitude, with its fore-limbs banded violet and 

black, and drawn up in front of the centre of the corolla, the 

simulation of a papilionaceous flower is complete. The object of 

the bright colouring of the under surface of the prothoracic ex¬ 

pansion is evident, its purpose being to act as a decoy to Insects, 

which, mistaking it for a corolla, fly directly into the expectant, 

serrated, sabre-like, raptorial arms of the simulator. It is no 

new fact that many Insects resemble the leaves of plants and 

trees, and that they manifest forms and colours which serve to 

protect them in the struggle for existence, but so far as Dr. 

Anderson had ascertained, this was the first recorded instance of 

an Insect simulating the corolla of a flower for the evident 

purpose of attracting Insects towards it for its sustenance. It 

is even more remarkable than this, for it is a localised adaptation 

for such a purpose, a portion of the Insect being so modified in 

form and colour that the appearance of the corolla of a plant is 

produced, in conjunction with the remainder of the long attenuated 

prothorax, which at a distance resembles the flower stem; the 

anterior limbs when in repose even adding to and heightening 

the deception.” 

That we should have no more precise information as to a 

large Insect of such remarkable habits and appearance, and one 

that has been known to naturalists for upwards of three centuries, 

is a matter for regret. Careful observation as to the habits, food, 

and variation of these floral simulators, and as to whether they 

seek for spots specially suitable to their coloration, would be of 

great interest. A European congener of this Insect, Empusa 

paupeTcita, has small foliaceous expansions on the legs, but its 

habits have not been noticed in detail. 

The very curious Insect represented in Fig. 147, Stmopliylla 

cornigerci; is a member of the tribe Vatides; the form of the cerci 

at the end of the body is very peculiar. This extremely rare, 

if not absolutely unic[ue. Insect is a native of the interior of 

Brazil. 

Dufour has recorded that Mantis religiosa possesses the power 

of producing ;a mournful sound by rubbing the extremity of the 

body against the wings; it, is stated that a hissing sound is 

VOL. V s 
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produced liy other species, and Wood-Mason lias suggested ^ that 

a s])ecial structure exists on the teginina for the purpose. 

There are proliahly aliout GOO species of Mantidae known; 

they a-re distributed over all the wanner parts of the earth, ljut 

there are none in the cooler regions. Europe possesses some twelve 

or fourteen species, most of them confined to the IMediterranean 

suh-region ; a single species, Mantis religiosa, is frequently found in 

Central France, and has been recorded as occurring as far north as 

Havre. Although no species is a native of Britain, it is not 

Fig. 147.—Steno^ihylla cornigera. Brazil. (After Westivood.) 

difficult to keep them alive here. Denny records - that an egg- 

case of a Mantis was sent from Australia to England, and that 

the hatching of the eggs was completed after its arrival. The 

young fed readily on flies, and v/e are informed that in the 

neighbourhood of Melbourne, where this Mantis is plentiful, 

specimens are placed 1 ly the citizens on the window-blinds of their 

houses, so that the rooms may be cleared from flies by means of 

the indefatigable voracity of the y[antis. 

The geological record as to IMantidae is very meagre and 

unsatisfactory. The genus Mantis is said to occur in amber, 

and Heer has referred to the same genus an ill-preserved fossil 

from the upper Miocene beds of Central Europe; a fragment 

^ Tr. cnt. Soc. London, 1878, j). 263. ^ Ann. Nat. Hist. 3rd ser. xix. 1867, p. 144. 
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of a hind wing found in the Jurassic strata of Sil^eria has Ijeen 
assigned to the family; and until recently Lithomantis from the 
Carl)oniferous beds of Scotland was considered to belono; to 
Mantidae. Scudder, however, has rejected it therefrom, placing it 
in the Xeuropteroid division of Palaeodictyoptera, and Brongniart, 
adding another species to the genus from the Carl)oniferous strata 
in France, proposed to treat the two as a distinct family, which he 
called PalaeomantidaeJ This naturalist has, however, since renewed 
his study" of these Insects, has become convinced that they have 
no relations with existing Mantidae, and has consequently removed 
them to the family ITatypterides in the Order Xeuroptera. 

Six tribes of Mantidae are recognised by Brunner and de 
Saussure. 

Table of the tribes of Mantidae ;— 

Anterior tibiae Avith the outer edge unarmed beneath or only furnished 

with very minute tubercles. (Pronotum not longer than the anterior 

coxae.) Tribe 1. Amorphoscelides. (Fig. 141, Mantoidea luteola.) 

1'. Anterior tibiae Avith the outer edge spinose beneath. 

2. Anterior femora having the inner edge armed beneath Avith equal 
spines, or Avith spines in AA'hich only the alternate are smaller. 
Antennae of the male simple, rai’ely unipectinate. 
3. Tibiae and also the intermediate and hind femora even above. 

4. Legs and body Avith no lobe-like processes. (Antennae simple 

in each sex.) 

5. Pronotum not forming aiiA’ dilatation aboA^e the insertion of 

the coxae, its lateral margins straight or (in the genus 

Choeradodis) strongly dilated with the anterior margin not 

rounded. Tribe 2. Orthoderides. (Fig. 142, Pyrgornantis; 

Fig. 143, Choeradodis; Fig. 144, Ercmiaphila turcica) 

5'. Pronotum dilated above the insertion of the coxae, there Avith 
the lateral margins broadened in a round manner, the anterior 
margin rounded. Tribe 3. Mantides. (Fig. Iris oratoria) 

4'. Legs or body furnished with lobes. (Posterior femora or 
segments of the body Avith lobes, or A'ertex of the head 
conically prolonged.) Tribe 4. Harpagides. (Fig. 136, 

Harpax, variegatus; Fig. 135, Deroplatys saraivaca.) 

3'. Tibiae as Avell as the intermediate and hind femora carinate 
aboA^e. (Pronotum elongate, Avith the posterior part, behind the 
transA^erse grooA'e, three times as long as the anterior part.) 
Tribe 5. Vatides. (Fig. 147, Stenophylla coinigera.) 

2'. Anterior femora beneath, Avith the inner edge armed betAveen the 
longer teeth Avith sliorter teeth, usually three in number. Antennae 
of the male bipcctinate. (Vertex conically prolonged.) Tribe 6. 
Empusides. (Fig. 146, Gongylus govgyloides.) 

1 Bull. Soc. Philomat. (8) ii. 1890, ji. 154. 
- Inscctes fossilcs des temps 2'>rimaircs, 1894, p. 353. 



CHAPTER XI 

OKTHOPTEKA CONTINUED-PHASMIDAE-WALKING-LEAVES 

-STICK-INSECTS 

Fam, V. Phasmidae—Stick and Leaf Insects. 

Head exserted; frotliorax small, not elongate; mesotliorax very 

elongate ; the six legs differing hut little from one another, 

the front pair not raptorial, the hind pair not saltatorial. 

The cerci of the abdomen not jointed, consisting of only one 

piece; the tarsi five-jointed. Tegmina usually small, or 

entirely absent, even ivhen the wings are present and anvplc. 

The sexes frerpiently very dissimilar. Absence of cdar 

organs freipucnt. 

These Insects are amongst the most curious of natural objects. 

They are frequently of large size, some attaining 9 inches 

in length (Fig. 162, Palophus centaurus, one-half natural length). 

Their variety of form could scarcely he surpassed; their re- 

senddance to products of the vegetable kingdom is frequently 

very great: some of the more linear species (Fig. 148, Lonchodes 

nematodes) look like sticks or stems of grass; some ha’S'e a moss¬ 

like appearance, while others resemble pieces of lichen-covered 

hark. The members of the tribe Phylliides are leaf-like. A 

certain number of other Fhasmids are covered with strong 

spines, like thorns (Fig. 149). The plant-like appearance is 

greatest in the female se.v. there is a difference between 

tlie two sexes as to the organs of Higlit, these are more fully 

developed in the male. 

The antennae are usually many-jointed, but the number of 

joints varies fi'oni 8 to nioie than 100; the head is exserted; 

the eyes are more or less prominent; ocelli are present in some 
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cases. The prothorax is always small, and it is a remarkable 

fact that it undergoes but little elongation even in those species 

that are most linear and elongate in form (see Tig. 148, Lonchodes 

7iematodes), and that have the meso- and metathoraces extremely 

long; it is very simple in structure, consisting 

apparently merely of a dorsal and of a sternal 

plate, nearly the whole of the side being occupied 

by the large space in which the coxae are inserted ; 

the edges of the pronotum are not free. The 

mesothorax is frequently six times as long as the 

prothorax, though in the leaf-like and a few other 

forms it does not possess this great extension; still 

it is always of large size relatively to the other 

two thoracic segments. This is pecidiar inas¬ 

much as in other groups where the mesothorax is 

relatively large there are powerful mesothoracic 

wings; whereas the Phasmidae are remarkable for 

the obsolescence of the mesothoracic alar append¬ 

ages. The middle legs and the tegmina or elytra, 

when present, are attached only to the posterior 

part of the mesothorax; the notum and the 

sternum are separated by two narrow slips on 

each side, the epimeron and episternum. The 

metathorax is formed like the mesothorax, 

except that the posterior part of the dorsal sur¬ 

face is considered to consist of the first ventral 

segment consolidated with the posterior part of 

the metanotum, the two being distinct enough in 

the winged forms. The hind body or abdomen 

is elongated except in the Phylhides; it consists 

of ten dorsal plates; the first frequently looks like 

a portion of the metanotum, and 

really such by Westwood, who describes the abdo¬ 

men as consisting of nine segments. The fiat apical 

appendages are attached behind the tenth dorsal 

plate. The ventral plates are similar to the dorsal in arrangement, 

except that in the female the eighth plate forms a sort of spoon-like 

or gutter-like process to assist in carrying or depositing the eggs, and 

that the two following segments are concealed by it, and are some¬ 

times of more delicate texture. The legs vary greatly in the details of 

is treated as Fn. 1I8.—Zo^cto- 
des nematodes. 
Malay Afclii- 
pelago. (Alter 
Westwood.) 
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their shape : the coxae are short, oval, or round, never large ; the 
trochanter is small; the front femora 

often have the basal })art narrowei’ 

than the apical, and they lire fre¬ 

quently so formed that they can ije 

stretched out in front of the head, 

concealing; its sides and outline and 

entirely encasing tlie antennae. 

There is an arolium or cushion 

between the claws of the five- 

jointed tarsi. TTie front legs are 

frequently longer than the others. 

Only a very slight study has been 

made of the alar organs of Phas- 

midae; but according to liedten- 

bacher and Brauer, they differ 

greatly from those of Blattidae and 

Mantidae, inasmuch as the costal 

vein is placed not on the actual 

margin of the wing but in the 

field thereof, and in this respect 

they more resemble the Orthoptera. 

saltatoria. 

Very little information exists 

as to the internal anatomy of the Phasmidae. IMany years ago 

a memoir of a fragmentary and discursive nature was pidilished 

on the subject by J. Miiller,^ but his conclusions require con¬ 

firmation ; the nervous system, according to liis account, which 

refers to Arumatia ferula, has the anterior ganglia small, the 

supra-oesophageal ganglion being apparently not larger than 

those forming the ventral chain. 

Joly’s more recent memoir on the anatomy of Pliylliiiui 

crurifoliuvi - is also meagre; he states that the ner^■ous system 

resend )les that of the locusts (Acridiidae), though there are at 

least ten pairs of ganglia—one supra-, one infra-oesophageal, three 

thoracic, and five al)dominaL He found no salivary glands; the. 

Malpighian tubides are slender, elongate, and very numerous. 

The tracheal system has no air-vesicles. He found no distinction 

’ Acta Ac. German, xii. 1825, pp. 555-672, pis. 1.-liv. 

“ Mem. Ac. Sci. Toulouse, series 7, iii. pp. 1-30. 

Fio. 149.—Heteropteryx grayi, male. 
Borneo. One-half natural size. 
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of crop and proventriculus, but the true stomach appears to consist 

of two different parts, the anterior being remarkably uneven 

externally, though destitute of coeca, while on the posterior part 

there are peculiar vermiform processes. There are eighteen or 
twenty tubes in each ovary. 

’When the young Insect is in the egg, ready for emergence, 

the meso- and meta-thorax are not remarkably elongate, so that 

the femora are not very far 

apart, but by the time the crea¬ 

ture has fairly emerged from the 

prison of its embryonic life the 

thoracic segments have attained 

their usual proportions; much 

expansion of the body takes place 

as the Insect leaves the egg, so 

that it appears a marvel how it 

could have been contained therein; 

this expansion affects the parts 

of the body unecpially. 

The records as to the post- 

embryonic development of Phas- 

midae are very scanty, but indi¬ 

cate great differences in the 

length of time occupied by it. 

Bacillus patellifer is said to 

moult several times, Biaplicro- 

mera femorata only twice. This 

latter species becomes full grown 

in six weeks, while, according 

to Murray,’' Pliyllium scythe 

required fifteen or sixteen months for growth, and did not 

moult until ten months after hatching; the number of 

ecdyses in the case of the Phyllium was three. At each 

change of skin an immediate increase in size, similar to that we 

have noticed as occurring on leaving the egg, takes place; each 

limb on being freed becoming about a fourth longer and larger 

than the corresponding part of the envelope from which it has 

just been withdrawn. After the second moult of Pliylliuvi the 

tegmina and wings made their appearance, but remained of very 

1 Edinburgh Philosoph. Journ. January 1856. 

Fig. 150.—-Aschipasma catadromus, female. 
Sumatra. Natural size. (After 'West- 

wood.) 
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SHiiill size until after the third moult, when they suddenly shot out 

to their full size; they came out of little cases about a quarter of 
an inch long, and in the course of a 

few minutes attained their full size 

of about two and a half inches of 

length. In the apterous species the 

difference between the young and 

adults in external characters is very 

slight. 
Phasmidae are very sensitive to 

cold; l)oth in North America and 

Australia tlieir lives are terminated 

by the occurrence of frost. They 

are all vegetalde feeders, the canni- 

Ijalisrn that has been attributed to 

them by several writers being prob¬ 

ably imaginary. They are, how¬ 

ever, excessively voracious, so that a 

pair will destroy a great quantity 

of foliage; they are consequently 

in some parts of the world classed 

amongst injurious Insects. In Piji 

and the Friendly Islands, Lopaph us 

cocophagus eats the cocoa-nut foliage 

and causes a scarcity of food, so that 

it becomes a matter of necessity to destroy these Insects. One 

writer has gone so far as to attribute the occurrence of cannibal 

habits amongst the inhabitants of some of these islands to the want 

Fig. 151.—Ceroi/s saevissima. Brazil. 
(After Westwood.) 

of food caused by the ravages of this Insect. Some, if not all, of 

the Phasmidae have the habit of ejecting a stinking fluid, that is 

said to lie very acrid, and occasionally, when it strikes the eye, to 

cause blindness; this liquid comes from glands placed in the 

thorax. Some I’hasmidtie are much relished as food by birds; 

I)iap]ierovicra fcviorata is sucked by several bugs as well as eaten 

l)y birds, and anotlier species is recorded to have harboured 

Ichneumon-ffies in its body without suffering any apparent incon¬ 

venience from their presence or from their emergence. Not- 

witlistanding the great amount of food they consume and their 

want of actii'ity, they produce comparatii'ely few eggs. From 

twelve to twenty or thirty is frequently mentioned as about the 



XI EGGS OF PHASMIDAE 265 

iiiiinber, but in the case of Diapheromera femorata Ifiley speaks 

of upwards of one hnndred. These eggs are not deposited in any 

carefnl way, but are discharged at random, simply dropping from 

the female; the noise caused by the dropping of the eggs of 

Diaidlieromera femorata from the trees on which the Insects are 

feeding to the ground is said to resemble the pattering of rain¬ 

drops. The eggs of this 

species often remain till 

the second year before 

they hatch. The eggs 

in the Phasmidae gen¬ 

erally are of a most 

remarkable nature, and 

nearly every one who 

mentions them speaks 

of their extreme resem¬ 

blance to seeds. Goldi ^ 

A B C D 

Fig. 152.—Eggs of Phasmidae : A, Lonchodes duiven- 
bodi ; B, Platycrania edidis ; C, Haplopus grayi ; 
D, Phylliiim siccifolium. (After Kaup.) 

has suggested that this is for the purpose of deceiving Ichneumons ; 

it is, however, on record that the eggs are actually destroyed by 

Ichneumons. It is worthy of notice that the eggs are shed like 

seeds, being dropped loosely and, as we have said, remaining on 

the ground or elsewhere, sometimes for nearly two years, without 

other protection than that they derive from their coverings. 

Each egg is really a capsule containing an egg, reminding us thus 

of the capsule of the Blattidae, which contains, however, always 

a number of eggs. Hot only do the eggs have a history like that 

of seeds, and resemble theim in appearance, but their capsule in 

minute structure, as we shall subsequently show, greatly resembles 

vegetable tissue. The egg-capsule in Phasmidae is provided 

with a, lid, which is puslied off' when the Insect emerges (Fig. 

15 7). This capsule induced Murray to suppose that the egg 

contained within is really a pupa, and he argued therefrom that 

in the Orthoptera .the larval stages are passed in the egg, and 

that the Insect after its emergence should be looked on as an 

active pupa that takes food. 

The individuals of this group of Insects possess the power of 

reproducing a lost limb; and Scudder, who has made some experi¬ 

ments as to this,- states that if a leg be cut off beyond the 

’ Zool. Jalirh. Syst. i. 1886, p. 724. . ' 

- P. Boston Soc. xii. 1869, p. 99. 
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troc'liiiutero-feinoral articulation, the parts remaining outside of 

this joint arc (Irop])ed Ijefore the next moult, and are afterwards 

renewed either as a straight sluirt stump in which the articula¬ 

tions are already ohservahle, or as a 

miniature leg, the femur of wdiich is 

straight and the tibia and tarsus 

curved into a nearly complete circle : 

in the former case, the leg assumes at 

the next moult the appearance that 

it has in the second case; this latter 

form is always changed at the succeed¬ 

ing moult into a leg resemlding the 

normal limb in every respect except¬ 

ing size, and the absence of the fourth 

tarsal joint (Fig. 153). If the leg 

be removed nearer to the body than 

the trochantero-femoral articulation 

the limb is not replaced. 

The sexes are freqiiently ex¬ 

tremely different; the female is usually 

very much larger than the male. 

This latter sex often possesses wings 

when they are quite wanting in the 

other sex ; the resemblance to por¬ 

tions of plants is often very much 

greater in the female than it is in 

the male. 

We have pointed out that the 

tegmina or upper wings are usiially 

of small size or absent (Fig. 150, 

Aschipasma caiadrovnis), even in the 

species where the lower wings are 

very largely developed ; in such cases 

the latter organs are folded in a 

complicated, fan-like manner, and 

repose on the back, looking as if 

they were really the tegmina (Fig. 

159, Calvisia airosignata) \ this appearance, moreover, is in some 

species enhanced much by the fact that the part of the wing 

which is outermost in the folded state is quite differently 

Fia. ].53. — Cyphucranm aesiuans ; 
individual in which the right 
front leg has been renewed. 
Senegal. (After Westwood.) 
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coloured from the rest of the organ. The colour of the liody in 

many Phasmidae is said to he very variable, and if the tints lie 

owing to chlorophyll or other plant juices, finding their way amongst 

the Insect-tissues, this is readily understood; in DiapJiero^nent 

the young Insect is brownish on hatching, becomes green after 

feeding, and turns brown again when the leaves do so. The 

ocelli, too, are saia to be very variable, and M'Coy goes so far 

as to state ^ that they may be either present or absent in different 

individuals though of the same species and sex,—a statement so 

remarkable as to require minute examination, though it is to some 

extent confirmed by the remarks of other entomologists. 

The resemblance presented by different kinds of Orthoptera 

to leaves is so remarkable that it has attracted attention even in 

countries where Natural History is almost totally negleeted; in 

many such places the inhabitants 

are firmly convinced that the 

Insects are truly transformed 

leaves, by which they understand 

a bi}d developing into a leaf and 

subsequently becoming a walking- 

leaf or Insect. To them the 

change is a kind of metamor¬ 

phosis of habit; it grew as a leaf 

and then took to walking.’ It 

is usually the tegmina that dis¬ 

play this great resemblance to 

vegetable structures, and there is 

perhaps no -case in which the 

phenomenon is more marked than 

it is in the genus PJiyllium, the 

members of which occur only in 

the tropical regions of the Old 

World, where they extend from 

Mauritius and the Seychelles to 

the Fiji Islands—possibly even 
more to the East—and have, it would appear, a peculiar penchant 

for insular life. The genus Phylliuin constitutes by itself tlie 

tribe Phylliides. Although the characters and affinities of this 

1 Prod. Zool. Victoria, Decade vii. 1882, p. 34. 

2 See de Borre, CP. Soc. ent. Belgique, xxvii. 1883, p. cxliii. 

Fig. 154.—PhyUium scythe, female. 
Sylhet. (After Westwood.) 
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group have been only very inadequately investigated^ it will 

probably pi'ove to be a very distinct and isolated one. The 

species are not well known, but arc probably numerous, and the 

individuals are believed not to be rare, though the collections of 

entomologists are very badly supplied with them. The resem¬ 

blance of the tegmina or front wings to leaves is certainly of 

the most remarkable nature. During the early life the Insect 

does not possess the tegmina, but it is said then to adapt itself 

to the appearance of the leaves it lives on, liy the positions it 

assumes and the movements ^ it makes. 'When freshly batched 

it is of a reddish-yellow colour.- The colour varies at different 

periods of the life, but “ always more or less resembles a leaf.” 

After the young Insect has commenced eating the leaves it speedily 

l.)ecomes bright green; and when the metamorphosis is completed 

the female Insect is possessed of the leaf-like tegmina shown in 

Kig.s. ,154, 15G. Before its death the specimen described by 

Murray passed “ through the different hues of a decaying leaf.” 

Brongniart has had t>})portunities of observing one of these leaf- 

insects, and has, with the aid of IM. Becquerel, submitted their 

colouring matter to spectral analysis," with the residt of finding 

1 See JIurray, Edivhurgh Xc,w FhilosopMcal Journal, January 18.56. 
“ CR. Ac. Faris, csviii. 1894, No. 24, p. 1299. 
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that the spectrum exhibits slight distinctions from that of solu¬ 

tions of chloroph}dl, hut does not differ from that of living 

leaves. Mr. J. J. Lister when in the Seychelles brought 

away living specimens of Phyllium; and these becoming short 

of food, nibbled pieces out of one another just as they might 

have done out of leaves. The Phasmidae are purely vegetable 

feeders, and these specimens did not seriously injure one another, 

hut conlined their depredations to the leaf-like appendages and 

expansions. 

The males of this genus are totally different from the females ; 

the foliaceous tegmina being replaced by appendages that are not 

leaf-like, while the posterior wings, which are large and conspicu¬ 

ous parts of the body, have no leaf-like appearance (Fig. 155). 

In the female Phyllium the hind wings are not present, 

being represented by a minute process (Fig. 156, B). The 

tegmen of the female Phyllium is, from various points of view, 

a remarkable and exceptional structure. It is the rule that 

when there is in Insects a difference between the alar organs of 

the two sexes it is the male that has them largest; this is the 

case in Phyllium so far as the hind wings are concerned, hut in 

the fore-wings the rule is departed from, the leaf-like tegmina of 

the female being very much larger than the rudimentary wing- 

covers of the male. ^ In Phasmidae it is the rule that the tegmina 

are atrophied, even when the hind wings are largely developed. 

This is the case in the male of Phyllium, hut 111 the female this 

normal condition is re- 
A 

versed. Although the alar 

organs of Phasmidae have 

received hitherto but a small 

amount of attention, it is 

probable that the female 

tegmen of Phyllium is as 

peculiar morphologically as 

it is ill other I'espects. In 

Fig. 156 vve give an accur¬ 

ate representation of the 

chief nerviires in the teg¬ 

men of a female P. cruri- 

folium. It is interesting to compare this with the diagrams we 

give of the tegmina of a Blattid (Fig. 121) and of an Acridiid 

Fig. 156.—Alar organs and one side of thorax of 
lUiyllium crunfolmni: A, tegmen ; B, rndi- 
inent of -wing ; C, pronotum ; D, anterior 
division of inesouotum ; E, posterior division ; 
F, metanotum ; a, b, c, cl, e, chief wing- 
nervnres ; a, mediastinal ; h, radial; c, ulnar ; 
cl, dividens ? ; e, plicata ?. 
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(Fig. i (17); the tegiueii of the I’hyJlvinii i.s very difierent, the radial 

vein and all the parts l)ehiud it Ijeiiig placed quite close to the 

posterior edge of the structure. A similar view is taken hy 

doth ltedtenl)acher and llrauer. Tlie latter says/ “In Pliyllium 

(the walking-leaf) almost the whole of tlie front wing is fonned 

hy the praecostal and subcostal fields; all the other fields with 

their nervures, including even the C(jsta, are compressed towards 

the hind margin into a slender strijie. In tlie hind wing the 

costa is, however, marginal.” Unfortunately no examination 

appears to have been made of the male tegnien, so that we 

do not know whether that of the female differs from it morpho¬ 

logically as strongly as it does anatomically. It is, however, 

clear that the tegmina of the female Fhyllium. not only violate 

a rule that is almost universal in the Insecta, hut also depart 

widely from the same parts of its mate, and are totally different— 

and, for a Pliasmid, in an almost if not quite unique fashion— 

from the other pair of alar organs of its own body. 

A 
Fig. 1 5/.—Eg2 of Phyllium scythe, (After ]\Iurray.) A, llie whole egg, natural size ; 

A', luagnineil ; B, the caiisule hrokeii, showing the true egg inside, natural size ; 
B', niaguitied. 

We have already tilluded to the resemblance to seeds displayed 

liy the eggs of Fliasmidtie. The eggs of Fhyllium have been 

’ SB. Ale. U'icn, xci. 1885, p. 3G1. The nomenclature applied to the nervures 

hy these authors is not the same as that of Brunner ; according to their view the 

Aving of Phyllium, female, dilfers more from the wing of Blatta than it does accord¬ 
ing to a comparison made with the nomenclature we adopt. 
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studied by several entomologists, and their resemblance to seeds 

excites general astonishment. .Murray describes the egg-capsule 

ot FlLyllium scythe, and says; “ It looks uncommonly like some 

seeds; ii the edges of the seed of MiraMlis jcdapa were rubbed 

•oif, the seed might be mistaken for the egg. The ribs are all 

placed at equal distances, except two, which are wider apart, and 

the space between them flatter, so that on the egg falling it rolls 

over till it comes to this flatter side, and there lies. ... At the 

top there is a little conical lid, fitting very tightly to the mouth. 

. . . On removing the lid we see a beautiful porcelain chamber 

Fig. 158.—Portion of a longitudinal section of the egg capsule of PhylUum crurifoUuvi : 
a, external; 6, middle ■, c, inner zones ; d, elongate alveoli. x 100. (Alter 
Henneguy.) 

of a pale French-white colour, bearing a close resemblance to the 

texture of a hen’s egg, but it is not calcareous, and has more the 

appearance of enamel.” The eggs of P. crimfoUuvi have been 

examined by Joly and Henneguy; their account confirms that 

of Murray. Henneguy adds that a prominent lozenge on the 

egg represents the surface by which the achene of an umlielliferous 

plant is united to the column, and that the micropyles are placed 

on this lozenge. The minute structure of the capsule has also 

been examined by several entomologists; and Henneguy,^ who 

has described and figured some of the details of the capsule of 

F. crurifolium, says, “ Almost every botanist, on examining for 

^ Bull. Soc. FMlomathiqv.e. (8), ii. p. 18. 
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the first time a section of this capsule, would declare that he is 

looking at a vegetal)le preparation.” 

^^"e may remark that, although there is difference of opinion 

on the point, the evidence extant goes to show that the egg- 

capsules are formed in the egg-tuhes, only one egg being pro¬ 

duced at a time in a tuhe,^ the others in it remaining quite 

rudimentary. 

About 600 species of the family are known; tliere are only 

four or five kinds found in Europe, and they are all confined to 

the south, only one of them extending as far north as Central 

Erance. The males of these European Bacilli are extremely rare 

in comparison with the females, which are common Insects. 

Phasmidae are of almost universal distribution in the warm parts 

of the world, and even the species whose individuals are of large 

size seem to he able to continue their existence in comparatively 

small islands. Australia is perhaps the region where they are 

most largely developed at present. Macleay says of Podacantli iis 

luilkinsoni that it is rare in any part of Australia to find in the 

summer season a gum-tree without a few of these Insects grazing 

on it; and occasionally this Insect has been so abundant there 

that the trees for miles around have been denuded of their foliage 

by it, and the dead and dying Insects have been found lying 

])eneath the trees almost in heaps. There are several Phasmidae 

in New Zealand, all wingless forms, and different from those 

found in Australia. In Brazil a species of the genus Frisopus 

has the peculiar habit of seeking shelter under the stones sub¬ 

merged in the mountain streams; to enable it to do this it is 

remarkably constructed, the under side of the body being hollowed, 

and various parts set with a dense fringe of hairs; the Insect is 

supposed to expel the air from the body in order to adhere to the 

upper surface of a stone, where it sits with its fore legs extended 

in front of its head, which is directed against the current. At¬ 

tention has been called to a still more remarkable form said to 

l)e allied to the Priso})i, by Wood-]\Iason,^ who calls the Insect 

Cotijlosovia di'pne'usticum. This Insect is apparently known oidy 

by a single example of the female sex; it is 3 or 4 inches in 

lengtli, lias rudimentary organs of fiight, and along the lower 

margins of the metathorax there are said to be on each side five 

‘ Laboulbene, Bull. Soc. ent. France, 1857, p. cxxxvi.,and Hemieguy as above. 

- Ann. Kat. llisL (5) i. 1878, p. 101. 
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conspicuous fringed plates of the nature of tracheal gills; these 

coexist ^Yith open stigmata for aerial respiration, as in the imago 

of Pteronarcys. The writer has examined this curious Insect, 

and thinks it very doulitful whether the plates are liranchiae at 

all. The locality for this Insect is the island of Taviuni, not 

Borneo, as stated by "Wood-lNIason. These aiid one or two Acri- 

Fig. lo'd.—Calvisia atrosifjnaio., iaivAM. Tenasserim. (After Brunner.) 

diidae are the only Insects of the Order Orthoptera at present 

believed to possess aquatic habits. 
Although the number of species of riiasmidae is small in 

comparison with what we tind in many of the large families ol 

Insecta, yet there is probably no other lainily that e(|uals it in 

multiplicity of form and diversity of external appearance. 

VOL. V T 
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Jutrfflridion (Fig. IGO), u genus found in some of tlie islands of 

the southern hemisphere, has the hind legs enormously thickened 

in the male. Some I’hasmids, e.g. OrxinfS zeuxis, have the hind 

wiims marked and coloured after tlie manner of hutterllies or 
O 

moths. Jjfiutponius laciniatus lias an elaborately irregular out¬ 

line, looking like a mass of moss, and some species of Bactevin, 

are so very slender that the linear body is scarcely ei|ual in size 

Fig. 160.—Eiirycantha {Kambidiu/i) 
((.Kstrcdis, male. Lord Howe’s 
Island. (After Westwood.) 

Fig. IGl.—Aiiisoinorjika parda- 
lina. Chili. (Alter West- 
wood. ) 

to one of the legs it bears. .Vmong the most interesting forms 

are the Insects for whicli the genera and ^iniso- 

//mrjdm (Fig. IGl) have lieen estaldished ; they are remarkably 

lii’oad and sliort, have the mesothorax l)ut little elonmited, with 

the tegmina attached to it in the form of two short, thick, 

leathery lobes; while tl)e wings aio seen as marks on the meta- 

nutum looking like a mere sculpture of the surface; these Insects 
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have quite the appearance of larval forms, and it is worthy of 

note that the elongation of the mesothorax, which is one of the 

Fig. l&2.—Palophus ceutaurus. Old Calaljav. Half natural size. (After Westwood.’) 

most marked features of the I’hasmidae, is in these forms only 

A-ery slight. 
’ The auteuiiae in the specimen represented ■'vere no doubt mutilated, though 

AVcstwood did not say so. 
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Some Insects s;iifl to l)elong to the genera Phasrna and 

Bacteria have been found in amber. A single Insect-fossil found 

in the Tertiary strata in N(jrth America has recently Ijeen referred 

by Scudder to the family, and even to a genus still existing in 

the A^ew World—Agathemera; the fragment is, however, so 
defective, and the charac¬ 

teristic points of the 

riiasmidae are so little 

evident in it, that not 

much reliance can be 

placed on the determina¬ 

tion. Aio rhasmid has 

been unearthed from 

Mesozoic strata, so that, 

with the exception of the 

fragment just mentioned, 

nothing that evidently 

l)elongs to the I’hasmidae 

Fig. 164.—Titanoplmsma fayoli (restoration). has been discovered older 

than the remains })re- 

served in aml)er. In the Carlioniferous layer’s'of the I’alaeozoic 

epoch there ;ire found remains of gigantic Insects that may 

])ossil)ly l)e connected with our living Thasmidae. These fossils 

have been treated liy Ih'ongniart and Scudder as forming a 

distinct family called Trotophasmidae. The first of these authors 

says ^ that our I’hasmidae were represented in the Carboniferous 

’ CU. Ac. Paris, .xcviii. 1884, p. 832. 
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epoch by analogous types difteriiig in the nature of the organs 

of flight: these ancient Insects were of larger size than their 

descendants, being 25 to 50 centimetres long, and as much as 

7 0 in spread of wing. To this group are referred, on somewhat 

too inferential grounds, the fossil wings found in the Carbon¬ 

iferous layers, and called by Goldenherg Dictyonciira. 

We reproduce from Zittel’s handbook a flgure (Fig. 163) of 

one of these gigantic Insects, and add an attempt at a restora¬ 

tion of the same after the fashion of Scudder (Fig. 164). From 

these figures it will he seen that the relation to our existing 

I’hasmidae must at best have lieen very remote.^ It will lie 

noted that the larger of the two figures is on a 1 scale. 

The classification of Phasmidae was left in a very involved 

state by Stal, hut has recently been hronght into a more satis¬ 

factory condition by Brunner von Wattenwyl. AVe give a trans¬ 

lation of his table of the tribal characters:— 

1. Tibiae beneath carinate to the apex, without an apical area. 

2. Antennae much lonper than the front femora, many jointed, the 

joints being above 30 in number and only distinct at the base and 

towards the apex.^ 

3. i\Iedian [true first abdominal] segment much shorter than the 

metanotum.® The species all apterous. 

4. The anal segment of the males roof-like, more or less 

bilobate. The female has a supra-anal lamina. The 

species inhabit the Old World. Tribe 1. Lonchodides 

(Fig. 148, Lonchodes nematodes.) 

4’. The anal segment of the males arched, straight behind. 

Xo supra-anal lamina in the female. The species are 

American. Tribe 2. Bacuxculides. 

3'. Median segment as long as, or longer than the metanotum. 

Species with the male or both sexes winged. 

4. Females apterous or rarely possessed of short wings.^ 

Males winged. Femora dentate beneath, or lobed, or at 

least armed with one tooth. Species occur both in 

America and in the Old World. Tribe 3. Bacteriide.s. 

(Fig. 162, Pulophus centaums.) 

1 In his recent Insectes fossilcs dcs temps p)rim.aires, pp. 373 and 396, M. 
Brongniart has himself removed this Insect to Protodonates. We sliall again men¬ 

tion it when discussing that group. 
= Baetridium, though placed in this tribe, has only short antennae, of 20 joints. 

® Bostra and Clonistria, belonging to Bacunculides, have the median segment 

almost as long as the metanotum. 
The American genera Ptcrinoxylns, Haplopus, and Candaulcs, as well as the 

African Palophios, possess winged females. 
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4^ Each .sex winged. Femora .smooth lieiieath. The 

species belong to the Old AVorld. Tribe 4. Xecro- 

SCiDES. (Fig. 1.59, Calvisia atrosujnata.) 

2'. Antennae (at any rate in the females) shorter than the front femora, 

the joints distinct, not more than 28 in number. The species 

belong to the Old World. 

3. Median segment shorter than the metanotnm. Apterous 

species. Cerci plump. Tribe 5. Clitumxides. (Fig. 160, 

Eurycimtha australis.) 
Median segment longer than the metanotnm. Species usually 

winged. Cerci (except in some genera of the group J'laty- 

craninae) flattened, elongate. Tribe 6. Acrophyllides. 

(Fig. 153, Cyphocrania aestuans.) 

1'. Tibiae furnished beneath with a triangular apical area. 

2. Antennae many jointed, longer than the front femora. 

3. Median segment shorter than the metanotum. Apterous 

species.1 

4. Either head, thorax, or legs spiny or lobed. Tribe 7. 

Cladomorphides. (Fig. lAd, Heteropteryx graiji.) 

4'. Head, thorax and legs unarmed. Tribe 8. Axiso- 

MORPHIDES. (Fig. \Q\, Anisoniorpha jMrdalina) 

3'. Median segment longer than the metanotum. 

4. Claws unarmed. Tegmina lobe-like, either perfectly 

developed or entirely absent. The winged species are 

all American, the apterous are both African and 

Australian. Tribe 9. Phasmides. 

4'. Claws toothed on the inner side. Tegmina spine-like. 

Wings well develojjed. The species are Asiatic. Tribe 

10. Aschipasmides. (Fig. 150, Aschipasma catadro'inus.) 

2'. Antennae shorter than the anterior femora,^ formed of not more 

than 20 joints. Old World specie.s. 

3. Body slender. Apterous. Tribe 11. Bacillides. 
3'. Body very broad, lamina-like. Either wings or tegmina 

piresent. Tribe 12. Phylliides. (Fig. 155, Phijllium scythe, 

iiiale ; Fig. 154, idem., female.) 

^ The African and Australian genera Orohia and Paraorohia, although the}’ have 

a short median segment, are placed in the tribe Phasmides of this division. 
This character is evidently erroneous as regards the males of the genus 

Phyllium.—D. S. 



CHAPTER XII 

OETHOPTEEA COXTIKUEU-ACEIDIIDAE 

Fam. VI. Acridiidae—Locusts and Grasshoppers. 

Ortlioptcra v:itlh the hind legs differing from the others hy Toeing 

more elongate and having their femora hroacler near the 

Itase. Antennae short, voith less them 30 Joints. No 

eoeserted orijoositor in female. Tarsi short, with three 

distinct joints. The emditory organ ffaced, on the side of 

the upper part of the first abdominal segment. 

Fig. 165.—Tryxalis nasuta, female. Natural size. Europe. 

We commence the consideration of the saltatorial Orthoptera 

with the family Acridiidae. It includes the grasshoppers of our 

native fields as well as the destructive migratory locusts of 

foreign countries, and is the most numerous in species and indi¬ 

viduals of any of the Orthopterous families. Our native grass¬ 

hoppers, though of small size, give a very good idea of the 

Acridiidae. Active little Insects, with large head, conspicuous 
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eyes, laterally somewhat comyiressed body, long hind legs witli 

femur directed upwards and 1 )ackwards, the knee-joint forming 

an acute angle, the organs of Hight pressed to the sides of the 

l)ody, our comnidu grasshopjiers represent the Acridiidae (juite as 

truly as do the gigantic exotic forms, some of which measure 

9 or 10 inches across tlie expanded wings. 

The large head is immersed Iceland in the thorax ; the front 

is deflexed, or even indexed, so as to lie placed in a plane at an 

acute angle with that of the vertex (Fig. 165); the compound 

eyes are placed at the sides of the head and rather widely 

separated; in front there are three small ocelli. Two of these 

are placed one on each side close to 

the eye between the eye and the base 

of the antenna; the third ocellus 

being in the middle just in front of 

the insertion of the antennae, be¬ 

tween the edges of the margined 

space that usually runs down the 

middle of the front. Tlie positions 

of these ocelli and the shape of the 

front and upper parts of the head 

are of importance in the classification 

of the family; the ocelli vary much 

in their development, being in some 

species beautifully clear and promi¬ 

nent (Fig. 166), while in others they are small, not easily detected, 

apparently functionally imperfect. The antennae are never very 

long, are sometimes compressed and pendent from the front of the 

head. The jiarts of the mouth are very large. The prothorax is 

much arched ; it is often carinate or crested along the middle of 

the notum ; tliis ])art is frequently prolonged backwards, forming a 

sort of hood over the base of the wings ; the surface may be 

rugged or warty, forming in some species inexplicable structures ; 

the legs are wiilely separated, all of them being placed at the 

sides of the body; the edge of the pi’onotum is distinct and 

situate close to the base of the leg; tlie prosternum frequently 

bears a large projection extending directly downwards between 

the front legs. The mesotliorax is sliort, its chief sternal piece 

is very broad, the middle legs being very widely separated. The 

metathorax is larger; its sternal plate usually exhibits behind a 

Fig. 166.—Front of head of Porlhetis 
sp. Transvaal. 
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sort of embrasure filled up by a portion of the first ventral plate. 
The hind body is elongate, and 

segments, behind which are the 

pieces forming—in the female, the 

fossorial organs which replace an 

ovipositor—in the male, the modi¬ 

fied parts connected with the ter¬ 

minal segment. The alar organs 
O 

shows distinctly eight dorsal 

(Fig. 167) exhibit, according to 

Brunner, the same areas as we 

have described in Blattidae. Ac¬ 

cording, however, to Ptedtenbacher ^ 

the tegmina of the Acridiidae and 

other saltatorial Orthoptera differ 

from those of the cursorial group 

(with the exception of the Phas- 

niidae) in that they possess a 

praecostal field, due to the fact 

that the vein which in the Cur- 

soria is costal, i.c. forms the front 

margin, in the Saltatoria lies, on 

the contrary, in the field of the 

wing. If this view be correct the 

mediastinal area of Brunner is not 

Fig. 167. — Alar organs of Acridiidae 
(Bryodema tubercidata). A, Left 
tegmen ; B, left iving : ar.med, area 
mediastina ; ar.sc, area scapularis ; 
ar.disc, area discoidalis ; ar.an, anal 
area; v.m, vena mediastina ; ur, 
vena radialis ; v.r.a, vena radialis 
anterior ; v.r.m, vena radialis media ; 
v.r.p, vena radialis posterior ; v.i, 
vena intercalata ; v.u.a, vena ulnaris 
anterior; v.u.p, vena ulnaris pos¬ 
terior ; v.d, vena dividens ; v.pl, vena 
plicata. (After Brunner.) 

homologous in the two divisions. The tegmina are long and 

comparatively narrow; they are of firm parchment-like texture, 

with several longitudinal veins, which divide beyond the middle, 

so as to become more numerous as they reach the extremity of 

the wing; there is much reticulation, dividing the surface into 

numerous small cells. The hind wings are much more ample, 

and of more delicate texture; the longitudinal veins fork but 

little, the numerous cross veinlets are fine. In repose the hind 

wings fold together in a fan-like manner, and are entirely con¬ 

cealed l)y the upper wings. The front and middle legs are 

similar and small, the coxae are quite small, and do not com¬ 

pletely fill the articular cavities, which are partly covered by 

membrane; all the tarsi are three-jointed. The basal joint, when 

looked at beneath, is seen to bear three successively placed pads, 

so that from beneath the tarsi look as if they were five-jointed 

1 Ann. Hofmus. JVien, i. 1886, p. 175. 



282 ORTHOPTEPA CHAP. 

(Fig. 185, C). The hind legs are occasionally very long; their 

femora, thicker towards the base, are generally peculiarly sculp¬ 

tured, fjeariiiH loiiifitudinal ridges or grooves, which are niorc 

or less S|)inose, and are also 

very frerpiently marked with 

short parallel lines meeting a 

central longitudinal line at 

similar angles, so as to give 

rise to a well-marked pattern ; 

where the legs are broader 

the pattern is more complex 

(Fig. 168). The long tibiae 

bear two rows of spines on 

their upper or ytosterior edge; 

this part of the hind leg can 

be completely bent in under 

the femur. The stigmata consist of one pro thoracic, one meta- 

thoracic, and eight abdominal pairs. 

In reference to the ocelli, which are shown in Fig. 16 6, we 

may remark that the Acridiidae is one of the large groups of 

Insects in which the coexistence of compound and single eyes is 

most constant, though in some of the wingless forms the ocelli 

are very imperfect. We know at present of nothing in the 

habits of Acridiidae to render two kinds of eyes specially neces¬ 

sary. We shall subsecpiently see that a similar condition in 

regard to the function of hearing is Ijelieved to exist in this 

family. 

Acridiidae are remarkable amongst the Orthoptera for the 

possession of air sacs or vesicnlar dilatations in the interior of the 

Insect in connexion with the tracheae (Fig. 176). Such vesicles 

are found in many of the higher winged Insects, but not in larval 

forms, or in those that are destitute of powers of ilight.^ They, 

no donl)t, assist the Insect in its movements in the air. The body 

of a large grasshopper or locust is naturally of considerable 

weiglit, and it is more than probalde that true flight can only l)e 

accomplished when these vesicles are dilated and tilled with air. 

The exact mode in which the sacs are dilated is not known; 

])ossibly it ma,y l)e accomplished by the elasticity of the structure 

of the vesicles coming into action when the other contents of the 

’ Newport, Tr. Linn. Soc. xx. 1851, p. 419. 

Fig. 168.—Hind leg of Porthetis sp. 
Transvaal. 
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l)ody are not completely developed, or are temporarily diminished. 

Althongh air vessels are absent in the neighbouring groups of 

Orthoptera, Dufour says they are present even in apterous forms 

of Acridiidae, but he gives no particulars.^ I’ackard has given 

an account ^ of the arrangement of these reniarkal.)le sacs in the 

Eocky Mountain Locust. He finds that there are two sets: a 

thoracic group, consisting of a pair of very large size, with which 

are connected some smaller sacs placed in the head; and an 

alidominal set, which forms a very remarkable series. The 

figures we give (Fig. 17G, A, B) show that these sacs are of such 

large size that if fully distended they must interfere with the 

development of the ovaries, and that they must be themselves 

greatly diminished, if not obliterated, by the distension of the 

alimentary canal. TVe may look on them 

as only coming into full play when the 

normal distension of the canal is prevented, 

and there is only small development of the 

reproductive organs. Under such circum¬ 

stances the locust becomes a sort of balloon, 

and mio’rates. In addition to the air sacs 

there are many dilataljle tracheae, placed 

chiefly in parts of the body where there is 

not space for the large air sacs. These are, 

for the sake of clearness, omitted from our 

figure. 
TTie ganglia constituting the brain are 

simpler in Acridiidae than they are in the 

higher Insects, such as bees and wasps, and 

have been specially studied by I’ackard ^ 

and Yiallanes.* The other ganglia of the Fig. 169.—Ovaries of Oedi 

nervous cord are eight in numher, three 

thoracic and five alidominal. 

The salivary glands are small. The 

alimentary canal is capacious but not 
coiled. It has no gizzard, Imt the crop has a peculiar structure, 

apparently as a substitute. There are diverticula connected 

with the true stomach. The Malpighian tubes are elongate 

poda caerulescens : a, 
calyx ; h, its gut-like 
appendage ; c, sebific 
gland ; d, termination of 
body. (After Dufour.) 

^ 3Iem. Ac. Sci. £trang. vii. 1834, p. 274. 

^ First Ann. Rep. U.S. Ent. Covim. 1878, p. 271. 

Rep. U.S. Ent. Comm. ii. 1880, p. 223. .inn. Sci. Nat. (7) iv. Zool. 1887. 
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Fig. 170.—Imiei’ face of femur 
of Slenobothrus, male, 
showing line, a-a, of mu-sical 
beads. (After Landoie, 
magnified three times.) 

and extremely nunierons. The pair of testes is united in a 
single envelope. The form and arrangement of the ovaries 
is remarkalde (Fig. lOh); the egg-tulies are united hy the con¬ 
vergence of their terminal threads into a .single mass; outside of 
each ovary there extends a large calyx, into which the tubes 
open ; each ciilyx is prolonged at its extremity, and forms a long, 
convoluted tube. 

Acridiidae possess structures for the production of sound, together 
with, others that are, no doubt, for hearing. The chirping of grass¬ 
hoppers is accomj)lished by rubbing together the outer face of the 

upper wing and the inner face of the hind 
femur. This latter part bears a series of 
small l)ead-like prominences placed on 
the upper of the two lower ridges that 
run along the side that is nearest to the 
body (Fig. 170); the tegmen or wing-case 
has projecting veins, one of which is 
slightly more prominent, and has a sharp 

edge; by scraping this edge over the beads of the femur the wing 
is thrown into a state of vibration and a musical sound is produced. 
The apparatus for producing sound was for long supposed to be 
confined to the male sex of grasshoppers; it was indeed known 
that females made the move¬ 
ments appropriate for producing 
music, but as they ajipeared to 
].)e destitute of instruments, and 
as no sound was known to 
follow from their efforts, it was 
concluded that these were 
merely imitative. Graber has, 
however, discovered ’ tliat rudi¬ 
mentary musical organs do 
exist in the females of various 
species of Stmohothriis (Fig. 
171, !))• It is true that in 
comparison cvuth those of the 
minute, but it would apjiear 

B 

Fig 171.—A, Some of the knob.s projecting 
from the surface of the femur of Stenobo- 
tlirus melanopterus, male ; B, same of the 
female. Highly magnified. (After Graber.) 

male (Fig. 171, A) they are 
thiit they are really phonetic, 

though we can heiir no sounds resulting from their use. 
Graber considers that the musical pegs 

’ I'ci-h. zool.-bot. Ges. Wien, xxi. 1871, 

of Acridiidae are 

]). 1097. 
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modified hairs, and he states that in certain females the stages 

intermediate between- hair and peg can he found. , There is 

apparently much variety in the structure of these instruments in 

different species, and even in individuals of the same species. 

In Stenobothms lineatus, instead of pegs, the instrument consists 

of raised folds. 

In some of the al)errant forms of Acridiidae—certain Eremo- 

hiides and rneumorides—the males are provided with sound- 

producing instruments different to those we have described, both 

as regards situation and structure. 
O 

If the dorsal aspect of the first segment of the hind 

an Acridian Insect ije carefully examined there may he 

the majority of species an organ which has 

somewhat the appearance of an ear (Fig. 172), 

and which there is great reason for believing to 

be really an organ of that nature. It is situate 

a little over the articulation of the hind leg, 

very close to the 

l.)ody 

seen 

r of 
in 

Fig. 172. — Middle 
of body oiPach jj- 
tylus nigrofasci- 
atus, to show 
tympanum, e. 
(After Brumier.) 

Spot where the 

sound is, as above 

described, produced. 

There are three 

forms of these Acri¬ 

dian ears as described l)y Brunner:^ 

(1) a membrane surrounded liy a 

rim ; (2) the membrane somewhat 

depres.sed, a portion of the segment 

projecting a little over it; (3) the. 

depression very strongly marked, 

and the sides projecting over it so 

much that all that is seen externall}' 

is a sort of liroad slit with ti caA'ity 

beneath it. This last is the con¬ 

dition in which the ear exists in 

the genera Mecostetlius (Fig. 173) 

and Stenobothrus, which are among 

our few native grasshoppers. On 

minute examination this ear proves to consist ol a t} mpanum 

supplied internally with nerve and ganglion in addition 

1 Ferh. zool.-hot. Ges. Wien, xxiv. 1874, p. 286. 

Fig. 173.—Mecostetlius grossus : A, 
Imsect with wings exp.-iiuled ; B. 
profile of head and prothorax 

(After Brumier.) 

to 
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lUTiscles, and tracheal a}»paratus of a complex nature; it is no 

doultt delicately sensitive to some forms of vilaation. Unlike 

the stridnlating organ, these ears exist in lioth sexes; they are 

found in a great majority of the species of Acridiidae. The 

forms in -svhich the ears are absent are usiially at the same time 

wimdess aiul desritute of organs of strididation ; hut, on the other 

iiand, there are species—some of them wingless—that are, so far 

as is known, inca.pahle of stridulation and yet pos.sess these ears. 

It is, indeed, a matter of great difficulty to decide as to the 

exact function of these ear-like acoustic organs, which, we may 

I’eniind the reader, are peculiar to the saltatorial (Jrtho]i)tera, and 

we must refer for a full discussion of the suhject to Graher’s 

masterly works,’ contenting ourselves with a brief outline, which 

we may commence by saying that the Orthoptera with ears are 

lielieved to he sensitive to sounds by means other than the.se 

organs. This suggests that the latter exist for some purpose 

of perception of special sound. But if so what can this he i 

Only the males possess, so far as we know, effective sound- 

producing organs, but both sexes have the special ears ; more¬ 

over, these structures are present in numerous species where 

we do not know of the existence of phonetic organs in either 

•sex. Thus it appears at present impossible to accept these 

organs as being certainly special structures for the perception 

of the music of the species. It is generally thought that the 

females are charmed l)y the music of the males, and that these 

are stimulated to rivalry by the production of the sounds; and 

Uufour- lias suggested that this ])rocess reacts on the physio¬ 

logical processes of the individual. There has not been a sufticient 

amount of observation to justify us in accepting these views, and 

they do not in any way dispose of the difficulty arising from the 

existence of the acoustic organs in species that do not, so far as 

we know, ])roduce sjiecial .sounds. It is pos.sible that the .solution 

of the difficulty may be found in the fact that these apparently 

dumb species do really ]iroduce some sound, though we are cpiite 

ignorant as to their doing ,so. It is well known that sounds 

inaudible to some human ears are perfectly distinct to others. 

Tyndall, in his work on Sound, has illustrated this by a fact that 

is of .special interest from our })resent point of view. “ Crossing 

* I>enk. Ak. IVien, xx.xvi. 1875 ; Arch. mikr. Aiiat. xx. and xxi., 1882. 

" .Vcm. Ac. S'ci. itixmij. vii. 18.34, p. 306. 
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the 'Wengern Alp with a friend,” he says, “ the grass on each side 

of the path swarmed with Insects which to me rent the air with 

their shrill chirruping. My friend heard nothing of this, the 

Insect world lying beyond his limit of audition.” If human 

ears are so different in their capacities for perceiving vilirations, it 

of course hecomes more probable that auditory organs so differently 

constituted as are those of Insects from our own may hear sounds 

when the best human ear can detect nothing audible. On the 

whole, therefore, it would appear most probaljle that the Orthoptera 

provided with acoustic organs, and which we consider dumb, are 

not really so, luit produce sounds we cannot hear, and do so in 

some manner unknown to us. If this be the case it is probable 

that these ears are special organs for hearing particadar sounds. 

Scudder, who has given consideralde attention to the subject 

of Orthopteran music, says that in X. America “ the uniformity 

with which each species of Stenobotlirus plays its own song is 

(piite reniarkaljle. One kind, Stenobotlirus curtipcnnis, produces 

about six notes per second, and continues them from one and a 

half to two and a half seconds; another, S. melanopleurns, makes 

from nine to twelve notes in about three seconds. In both 

cases the notes follow each other uniformly, and are slower in the 

shade than in the sun.” 

Some of the species of Acridiidae, it should be noticed, produce 

a noise during their flights through the air, due to the friction 

of the wings; whether this has a definite importance, or Avhether 

it may be entirely incidental, has scarcely yet been considered. 

Information (if a satisfactory kind as to tlie post-embryonic 

developmeiTt of the Acridiidae is lint scanty. We have repre¬ 

sented in Fig. 84, A, the conditioji in which a migratory locust. 

Sell istucei'ca percijrina, leaves the egg, and we will here complete 

the account of its growth ; following Brongniart,^ whose statement 

is confirmed by Lestage and other naturalists. Immediately 

on leaving the egg the young locust casts its skin, and is then 

of a clear green colour, Imt it rapidly becomes brown, and in 

twelve hours is Idack. At this early age the gregarious in¬ 

stinct, posses.sed liy this and some other species of Acridiidae, 

liecomes evident. In six days the individual undergoes a second 

moult, after which it is black, spotted and banded with white, and 

with a rose-coloured streak on each side of the hind body. The 

1 Bull. Soc. Philomath. (8) v. 1893, p. 5. 
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tliird ecdysis occurs in six or eight days after the second; the 

rose cohjur heconies more distinct, and the head is of a brown tint 

instead of hhick. After eiglit days the fourth ecdysis occurs- 

the creature is then al)out 35 millimetres long; its colour has 

much changed, the iKjsition of the markings is the same, but the 

rose colour is replaced by citron yellow, the line of the spiracles 

is marked with white, and at this time the creature has the “ first 

rudiments of wings,” and is very voracious. In ten days another 

ecdysis takes })lace, the yellow colour is more vivid, the prothorax 

is definitely speckled with white, and the hind body is increasing 

It- J t 3 f 4 t 

t' 

Pig. 174.—Development of wings in Caloptemis spretus: tlie upper row gives a lateral 
view of the thoracic segments, and the lower row a dorsal view of these segments : 
1, second instar ; 2, third iiistar ; 3, fourth iustar ; 4, tifth instar. (.After Riley.) 
t, tegmen ; w, wing. 

much in size. In fifteen or twenty days the sixth moult occurs, 

and the Insect appears in its perfect form ; the large tegmina 

now present are marked with black in the manner so well known, 

and the surface generally is variegated with bluish and rosy marks. 

Although this is the colour in Algeria, yet apparently it is not 

so farther south; the Insects that arrive thence in the hh-ench 

colony are on some occasions of a ilifferent colour, auz. reddish or 

yellowish, those of this latter tint being, it is lielieved, older 

specimens of the reddish kind. kl. Ilrongniart ])oints out that 

some Phasmidae—of the rhylliam group—undergo an analogous 

series of colour-changes in the course of the individual develop¬ 
ment, though other species do not. 



XII ACRIDIIDAE 289 

Eiley and Packard have given an account ^ of some parts of the 

post-embryonic development of the Eocky Mountain Locust, which 

enables us to form a satisfactory conception of the stages of de¬ 

velopment of the wings. Fig. 175, A, represents the iirst instar, 

the young locust, just emerged from the egg and colourless. Fig. 

174 shows some of the subsequent stages of development of the 

wings, the upper line of ligures giving a profile view of the 

thoracic segments, and 

the lower line showing 

their dorsal aspects; 1 

shows the condition of 

the parts in the second 

instar, the chief differ¬ 

ence from the first instar 

being the development 

of colour ; in the third 

instar there is an evident 

slight development of 

the future alar organs, 

exhibited chiefly in the 

outgrowth and lohing 

of the- free posterior 

angles of the meso- and 

metanota, as shown in 

Fig. 174, 2. After the 

third moult there is a 

o-reat difference ; the in- 

star then disclosed — 

the fourth—has uncler- 

yone a considerable 
O 

change in the position 

of the meso- and meta- 

tlioraces, which are 
thrust forward under the iironotum ; this has become more enlarged 

and hood-like (Fig. 174, d); at the same time the wing-rudiments 

have become free and detached, the metathoracic pair being the 

larger, and overlapping the other pair. The filth instar (Fig. 174, 

4) differs but little from the fourth, except in the larger size of the 

pronotum and wing-rudiments. The sixth—shown in Fig. 175, E 

1 First Anyu Hep. U.S. Ent. Comm. 1878, p. 279. 

VOL. V U 

Fig. 175.—Caloptenv.s spre.tus. Nortli America. A, 
Ne-\vly hatched, much magnified ; B, adult, natural 

size. (After Riley.) 
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—is the perfect Insect, with the alar organs free and large, the 

prothorax nineh changed in form, the colour different, ih-om the 

above it will he seen that the chief changes occurred at the third 

and fifth ecdyses, after each of which a consideralde difference in the 

form of the Insect was revealed. In the first three instars the 

sexes can scarcely he distinguished, in the fourth they are quite 

distinct, and in the fifth coupling is possible, though usually it 

does not occur till the final stage is attained. 

The discovery that Orthoptera change their colours in the 

course of their development, and even after they have become 

adult, is important, not only from a physiological point of view, 

but because it tlirows some light on the questions as to the 

number of species and the geographical distribution of the 

migratory locusts, as to which there has existed a great confusion. 

The Acridiidae are considered to he exclusively vegetable 

feeders, each individTial consuming a very large quantity of food. 

The mode in which the female deposits her eggs has been 

described by Eiley,^ and is now widely known, his hgiires having 

been frequently reproduced. The female has no elongate OA’i- 

positor, but possesses instead some hard gonapophyses suitable for 

digging purposes; with these she excavates a hole in the ground, 

and then deposits the eggs, together with a quantity of fluid, in 

the hole. She prefers hard and compact soil to that which is 

loose, and when the operation is completed but little trace is left 

of it. The fluid deposited with the eggs hardens and forms a 

protection to them, corresponding to the more definite capsules of 

the cursorial Orthoptera. 

The details of the process of oviposition and of the escape of 

the young from their imprisonment are of much interest. Accord¬ 

ing to Kiinckel d’Herculais ^ the young St((uronoti(s maroccanus 

escapes from the capsule by putting into action an ampulla 

formed by the membrane between the head and the thorax; this 

ampulla is siipposed to be dilated by fluid from the body cavity, 

and is maintained in the swollen condition by tlie Insect accumu¬ 

lating a,ir in the crop beneatli it. In order to dislodge the lid of 

the capsule, six or seven of the young ones inside combine their 

efforts to push it off by means of their ampullae. The ampulla 

’ Jirp. his. Missouri, ix. 1877, p. 86. 

- Bttll. Soc. cnt. France (6), x. 1890, p. xxxvii., and CE. Ac. Paris, cx. 1890, 

]). 657. 
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subsequently serves as a sort of reservoir, by the aid of which the 

. Insect carl diminish other parts of the body, and after emergence 

h’om the capsule, penetrate cracks in the earth so as to reacli the 

surface. Immediately after doing this the young 8tauronot/us 

moults, the skin it casts lieing (tailed by Kiinckel an amnios. 

Tlie cervical ampulla reappears at subsequent moults, and enables 

the Insect to hurst its skin and emerge from it. 

The process is apparently different in Caloptcnus spretus, 

which, according to Ililey, ruptures the egg-shell and works its 

way out Iiy the action of the spines at the apex of the tibiae. 

This latter Insect wlien it emerges moults a pellicle, which Eiley 

considers to lie part of the embryonic membranes. 

Eiley states that a female of Ccdoptenv.s spretus makes several 

egg-masses. Its period of ovipositing ■ extends over about G 2 

day.s, the number of egg-masses being four and the total number 

of eggs deposited about 100. The Trench naturalists have 

recently oliserved a similar fact in Algeria, and have ascertained 

that one of the migratory locusts—Schistocerca peregr iim—may 

make a deposit of eggs at more than one of the places it may 

alight on during its migration. 

It has been ascertained that the eggs of Acridiidae are very 

nutritious and afford sustenance to a number of Insects, some of 

which indeed appear to find in them their sole means of subsist¬ 

ence. Beetles of the family Cantharidae frequent the localities 

where the eggs are laid and deposit their eggs in the egg-masses 

of the Orthoptera, which may thus be entirely devoured. Two¬ 

winged flies of the family Bombyliidae also avail themselves of 

these eggs for food, and a mite is said to be very destructive to 

them in Hortli America. Besides being thus destroyed in 

enormous cpiantities by Insects, they are eaten by various birds 

and by some mammals. 

Most of the Insects called locusts in popular language are 

members of the family Acridiidae, of which there are in different 

parts of the world very many species, probably 2000 being 

already known. To only a few of these can the term Locust be 

correctly applied. A locust is a species of grasshopper that 

occasionally increases greatly in number, and that moves about in 

swarms to seek fresh food. There are many Orthoptera that 

occasionally greatly increase in numbers, and that then extend 

their usual area more or less; and some Acridiidae multiply 
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locally to a great extent—-very often for one or two seasons only, 

-—and are tlien called locusts. The true niigratory locusts are 

species that have gregarious habits strongly developed, and 

that move over considerable distances in swarms. Of these there 

are luit few species, although we hear of their swarms in many 

parts of the world. 

The migratoiy locusts do much more damage than the endemic 

species. Tn countries that.are liable to their visitations they 

have a great iidiuence on the prosperity of the inhalutants, for 

they appear suddenly on a spot in huge swarms, which, in the 

space of a few hours, clear off all the vegetable food that can he 

eaten, leaving no green thing for beast or man. It is difficult 

for those who have not witnessed a serious invasion to realise the 

magnitude of the event. Large swarms consist of an almost 

incalculable number of individuals. A writer in Xaiure ^ states 

that a flight of locusts that passed over the lied Sea in Xovemher 

1889 was 2000 square miles in extent, and he estimated its 

weight at 42,850 millions of tons, each locust weighing of an 

ounce. A second similar, perhaps even larger, flight was seen 

passing in the same direction the next day. That such an 

estimate may fie no exaggeration is rendered proljahle by other 

testimony. From official accounts of locusts in Cyprus we find that 

in 1881,- Pip to the end of October, 1,600,000,000 egg-cases had 

lieen that season collected and destroyed, each case containing a 

considerable number of eggs. By the end of the season the weight 

of the eggs collected and made away with amounted to over 1300 

toms, and, notwithstanding this, no less than 5,076,000,000 egg- 

cases were, it is believed, deposited in the i.sland in 1883. 

A^hen we realise the enormous number of imlividuals of which 

a large swarm of locusts may consist we can see that famine is 

only a too probable se(pience, and that pestilence may follow—as 

it often has done—from the decomposition of the bodies of the 

dead Insects. This latter result is saiil to have occurred on some 

occasions from locusts flying in a mass into the sea, and their 

dead bodies lieing afterwards washed ashore. 

Locust swarms do not visit the districts that are subject to 

their invasions every year, but, as a rule, only after intervals of 

a considerable, numlier of years. It has been satisfactorily 

' Carruthors in Nature, .\li. 1889, p. 153. 

■ Blue-hook, C, 49(50, 1887 ; and B. cut. Soe. London, 1881, p. xxxviii. 
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ascertained that in liotli Ali>'eria and North America laro-e swarms 
O O 

occur nsnally only at considerahle intervals. In North America 

Ililey thought ^ the average period was ahont eleven years. In 

Algeria the first invasion that occurred after the occupation of 

the country hy the French was in 1845, the second in 18 64, 

the third in 1866, since which 1874 and 1891 have been 

years of invasion. These lireaks seem at first .strange, for it 

would he supposed that as locusts have great powers of increase, 

when once they were established in any spot in large numbers, 

tliere woidd he a constant production of superfluous individuals 

which woidd have to migrate as regularly as is the case with 

.swarms of liees. The irregularity seems to depend on three facts: 

viz. that the increase of locusts is kept in check hy parasitic 

Insects; that the eggs may remain more than one year in the 

ground and yet hatch out when a faimurahle season occurs; and 

that the migratory instinct is only effective when great numhers 

of superfluous individuals are produced. 

It is not known that the parasites have any power of re¬ 

maining in abeyance as the locust eggs may do; and the bird 

ilestroyers of the locusts may greatly diminish in numbers during 

a year when the Insects are not numerous; so that a dispro¬ 

portion of numhers between the locusts and their destroyers may 

arise, and for a time the locusts may increase rapidly, while the 

parasites are much inferior to them in nunil)ers. If there should 

come a year when very few of the locusts hatch, then the next 

year there will he very few parasites, and if there should then he 

a large hatching of locusts from eggs that have remained in 

abeyance, the parasites will not he present in sufficient cpiantity 

to keep the destructive Insects in check; consequently the next 

year the increase in number of the locusts may he so great as to 

give rise to a swarm. 
It is ivell established that locusts of the migratory species 

exist in countries without giving rise to swarms, or causing any 

serious injuries; thus VachytyJus cinerascens—perha])S the most 

important of the migratory locusts—is always present in various 

localities in Belgium, and does not give rise to swarms. When 

migration of locusts does occur it is attended Iiy remarkalfle 

manifestations of instinct. Although several generations may 

elapse without a migration, it is believed that the locusts when 

’ lie2^. Entomologist, 1885, p. 229. 
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they migrate do so in the direction taken Ijy predecessors. 

Tlieir movements are to a large ex¬ 

tent dependent on the wind, and it 

is said that they make trial flights 

to ascertain its direction. A^dien on 

tlie wing prohal;)ly very little mns- 

cnlar effort is necessary. Their 

l)odies contain elastic air sacs in 

commnnication with the tracheae, 

and at the time of flight it may 1je 

presumed that the body is compara¬ 

tively empty, food being wanting, 

and the internal organs of re})ro- 

duction, which occupy a large space 

when in activity, yet undeveloped, 

hence the sacs have full room for 

e.xpansion, as explained on p. 283. 

A Thus the Insects exert Imt little 
Fig. 176.— Portions of body of effort in their aerial movements, and 

Calonteniis spreius to show some i-hi i 
of the air-sacs. (Modified from are, it IS believed, chiefly borne liy 
Packard.) A, Dorsal aspect of -svind. Should this beCOllie 1111- 
aiiterior parts ; B, lateral aspect . . ■ i , i , ,1 1 • 1 i. 
of posterior parts of body ; a, en- fa\ Olirable it is Said that thei allgllt 
largements of tracheae in head ; ^ change. 
h, pair of large sacs in thorax ; ^ni i ^ i 
Cy sacs on the tracheal trunks of lllG llfOSt obscuve pOlllt 111 tllG 

abdomen; s, spiracles. natural liistory of the migratory 

locusts appears to be their disappearance from a spot they 

have invaded. A swarm will alight on a locality, deposit there 

a niimher of eggs, and then move on. But after a lapse of a 

season or two there will lie few or none of tlie species present 

in the spot invaded. This appears to lie })tntly flue to the young 

locusts dying for want of food after hatching; hut in other cases 

they again migrate after growth to the land of their ancestors. The 

latter tact is most renuirkable, lint it has been ascertained by the 

U.S. Entomological Commission thiit these return swarms do occur. 

In South Africa it would ajipear that the movements of 

the migratory locusts are freipiently made liefore the Insects have 

acquired their wings. l\lrs. Barber, in an account of “ Locusts and 

Locust-Birds in South Africa,” ^ has illustrated many points in the 

^ Tr. S. A fr. Phil. Soc. i. 1880, p. 193. The species is thought to be Pachytyliis 

sulcicollis StSl. 
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Natural History of these Insects. The South African species mani¬ 

fests the gregarious and migratory disposition when the individuals 

are quite young, so that they travel in flocks on foot, and are called 

hy the Dutch “ Yoetgangers.” After hatching, the various families 

of young amalgamate, so that enormous numbers come together. 

Having denuded the neighbourhood of all its food-supplies, they 

move off’ in search of fresh crops and pastures new. They take advan¬ 

tage of roads, and sometimes a good many miles will he traversed in 

a day; they proceed by means of short leaps, rapidly repeated. When 

the “ AAotgangers ” are. thus returning northwards towards the 

lands in the interior from which their progenitors departed, no 

obstacles can stay their course. Forests or rivers may intervene, 

diverting them for a while from their line of march, but tliey 

succeed ultimately in continuing their journey to the interior. 

The manner in which these wingless locusts occasionally cross 

broad rivers is interesting, as it has some hearing on the 

difficult question of the possilhlity of winged locusts crossing seas 

of considerable width. Mrs. Barber refers to an instance that 

took place on the A"aal Eiver in the spring of the year 1871, 

shortly after the discovery of the Diamond-helds. The country 

was at that time swarming with young locusts; every blade of 

grass was cleared off by them. One day a vast swarm of the 

“ Affietgangers ” made their appearance on the banks of the Affial 

Elver; they appeared to be in search of a spot for crossing, 

which they could not find, the river being somewhat swollen. 

For several days the locusts travelled up the stream; in the 

course of doing this they paused for some time at an alirupt 

liend in the river where a number of rocks were cropping out, 

as if in doulit whether to attempt a passage at this place. They, 

how'ever, passed on, as if with the hope of finding a l^etter ford; 

in this apparently they were disappointed, for three days after¬ 

wards they returned to the same bend of the river, .and there 

plunged in vast multitudes into the stream, where, assisted liy a 

favourable current and the sedges and water-plants which grew 

upon the projecting rocks, they managed to effect a crossing, 

though great numbers were drowned and carried away by the 

flooded river. Airs. Barber adds that “ Affietgangers ” have been 

known to attempt the passage of the Orange Elver when it was 

several hundred yards in lireadth, pouring their vast swarms into 

the flooded stream regardless of the consequences, until they 
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became heaped upon each other in large bodies. As the living 

mass in the water accnmulated, some j)ortions of it were swept 

away by the strong current from the hank to which they were 

clinging, and as the living locusts tightly grasped each other and 

lield together, they became floating islands, the individuals con¬ 

tinually hopping and creeping over each other as they drifted 

away. Whether any of the locust-islands succeeded in reaching 

the opposite haidv is unknown; proljahly some of them were 

drifted on land again. They are by no means rapid swimmers; 

they do not perish easily in the water when in masses, their 

habit of continually changing places and h(;pping and creeping 

round and round upon each other being very advantageous as a 

means of preserA'ation. It is a common practice for the young 

locusts to form a bridge over a moderately lu’oad stream by 

plunging indiscriminately into it and holding on to each other, 

grappling like drowning men at sticks or straws, or, in fact, 

anything that conies within their reach, and that will assist in 

lioating them; meanwhile those from behind are eagerly pushing 

forward over the bodies of those that are already in the stream 

and hurrying on to the front, until at length by this process 

they reach the opposite bank of the river; thus a floating mass 

of living locusts is stretched across the stream, forming a bridge 

over which the whole swarm passes. In this manner few, 

comparatively speaking, are drowned, because the same in¬ 

dividuals do not remain in the water during the whole of the 

time occupied by the swarm in crossing, tlie Insects continually 

changing places with each other; those that are beneath are 

endeavouring to reach the surface by climbing over others, whilst 

those above tbem are, in their turn, being forced below. Locusts 

are exceedingly tenacious of life, remaining under water for a 

consideralile time without injury. .Vn a})par'ently drowned locust 

will revive beneath the warm rays of the sun, if by chance it 

reaches the bank or is cast on shore. Mrs. Barber relates an 

interesting case where the instinct of the “ Yoetgangers ” was at 

I'ault, they plunging into a river from a steep sandy bank, only 

to find another similar sandy jireciiiice on the other side. On this 

they could gain no footing, and all ])erished in the stream, where 

they ])utrefied, and caused the death of the fish, which floated 

likewise on the surface; so })Owerful were the eflluvia produced 

that no one was able to approach the river. 
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Locusts are able to travel considerable distances, though how 

far is quite uncertain. Accounts vary as to their moving by 

night. It has, however, been recently proved that they do 

travel at night, but it is not ascertained how long they can 

remain in the air without descending. The ocean is undoubtedly 

a source of destruction to many swarms; nevertheless, they 

traverse seas of consideralile width. They have been known 

to reach the Balearic Islands, and Scudder gives ^ a well-authen¬ 

ticated case of the occurrence of a swarm at sea. On the 

2nd of ISTovember 1805 a ship on the voyage from Bordeaux 

to Boston, when 1200 miles from the nearest land, was in¬ 

vaded by a swarm of locusts, the air and the sails of the ship 

being filled with them for two days. The species proved to 

be AcricUum (Schistocerca) percgrimivi. This is an extra¬ 

ordinary case, for lociists do not hy with rapidity, being, indeed, 

as we have remarked, chiefly carried by the wind. Possibly 

some species may occasionally rest on the water at night, pro¬ 

ceeding somewhat after the fashion of the “ Yoetgangers ” when 

passing over rivers as descrilied by Mrs. Barber. In Sir Hans 

Sloane’s history of Jamaica an account of an occurrence of this 

kind is given on the authority of Colonel Heedham, who states 

that in 1649 locusts devastated the island of Tenerife, that they 

were seen to come from Africa when the wind was blowing thence, 

that they flew as far as they coidd, then alighted on the water, 

one on the other, till they made a heap as big as the greatest 

ship, and that the next day, being refreshed by the sun, they took 

flight again and landed in clouds at Tenerife. De Saussure says ^ 

that the great oceans are, as a rule, impassable barriers, and that 

not a species of the trilie Oedipodides has passed from the Old 

IVorld to the Hew. It is, however, possilJe that Acridium pere- 

(jrvimin, of the tribe Acridiides, may have originally been an inhabi¬ 

tant of America, and have passed from thence to the Old World. 

The species of Acridiidae that liave been ascertained to lie 

migratory are not numerous.® The most abundant and widely 

distriliuted of them is Pachytylus cAierascens (Fig. 177), which 

has invaded a large part of the Eastern hemisphere, extending 

from the Atlantic Ocean to China. It exists in numerous spots 

1 OR. Soc. ent. Bdgiqiie, xxi. 1878, p. 5. 

- Addit. ad Prodromum Ocdipodio7-um, 1888, p. 12. 

® See Redtenbacher, tiler IVaiulcrheuschrccTcen, in Jahj-esbcr. Realschulc Budweis,l%^^. 
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in the Oriental region and the Asiatic Archipelago, and even in 

New Zealand. It is the connnoner of the locusts of Europe. Its 

congener, P. migratcirms, is ninch less widely distridnted, its 
migrations l)eing, according to 

de Sanssnre, limited to Turke¬ 

stan and Eastern Europe. A 

p third species, F. vrigratori- 

oides, inhahits Eastern Africa, 

and a variety of it is the 

“ Yolala ” or locust of Mada¬ 

gascar. l\Ir. Distant has in¬ 

formed the writer that this 

migratory locust is found in 

South Africa. F. {Oedale^is) 

marmoratus has almost as wide a distribution in the Eastern 

hemisphere as P. cinerascens, except that it is more exclusively 

tropical; it is thus excluded from New Zealand. F. (Oedaleus) 

nigrofasciatus has a more northern distribution than its congener, 

hut has extended to Africa and the Asiatic Archipelago. This 

Insect is so variable that the distinctions of its races from other 

species of the same genus are not yet clear. All the aliOA’e- 

mentioned locusts belong to the tribe Oedipodides. Acridinm 'pcre- 

grinum, now more frequently called Schistocerca j^eregrina, belongs 

to the tribe Acridiides. It is a large locust (Eig. 84), and has 

a wide distribution. It is the chief species in North Africa, and is 

probably the locust of the plagues of Egypt mentioned in the 

book of Exodus. It is also, according to Cotes,^ the chief locust 

of North-West India. In this latter country PacJigfghis cinci‘- 

ascens and some other species also occur. A^^it]l the exception of 

S. peregrina, the species of the genus Schisfocerca are contined to 

the New TYorld. In North America locusts are more usually 

called grasshoppers. Several species of the genus Calojdrnns are 

injurious in that country, l)ut the chief migratory species is ft 

spretus (Eig. 175). This genus belongs to Acridiides. A large 

locust, Schistocerca aoiicriadia, is also migratory to a small extent 

in the United States. In South America other species oi Schis- 

ioccrca are migratory ; it is not known how many there may he, and 

it is ])ossihle that one or more may prove to 1)e the S. 'percgrina 

of the Old World. A Chilian species, according to IVIr. E. C. Iteed,^ 

^ J. Bombay N. H. Soc. viii. 1893, p. 120. P. ent. tSoc. London, 1893, p. .xxi. 
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exhibits distinctions of colonr similar to those that have been 

observed in /S', 'peregrina in Algeria. 

In Britain we are now exempt from the ravages of locusts, though 

swarms are said to have visited England in 1G93 and 1748. 

Individuals of the migratory species are, how¬ 

ever, still occasionally met with in England 

and the south of Scotland. P. cinerascens has 

been recorded from Kerry in Ireland, but 

erroneously, the Insect found being Mecos- 

tetlms grossus (Fig. 173). According to Miss 

Ornierod,^ large locusts are imported to this 

country in fodder in considerable numbers, 

but are usually dead; living individuals are, 

however, sometimes found among the others. 

In 1869 living specimens of Schistocerca 

2Je?-egrina were found in various parts of the 

country, having, in all probability, arrived 

here by crossing the German Ocean. Pacliy- 

tylus cinerascens has also, it is believed, 

occurred here, the specimens that have been 

recorded at different times under the name of 

P. migratorins being more probably the former 

species. 

Although the majority of the very large 

number of species included in Acridiidae are 

recognised with ease from their family like¬ 

ness as belonging to the group, yet there are 

others that present an unusual aspect. This 

is specially the case with the members of the 

small tribes Tettigides, Proscopides, and 

Pneumorides, and with some of the apterous 

forms of the Oedipodides. The tribe I'ros- 

copides (Fig. 178, Cepludocoema linecda, 

female) includes some of the most curious of 

the Acridiidae. Breiteiibach gives ^ a brief 

account of the habits of certain species which 

he met with near lArto Alegre in South 

America. On a stony hill there was some 

grass which, by several months’ exposure to the sun’s rays, had 

^ Reji. injurious Insects, xvii. 1893, p. 47. ■ Ent. NaehricM. viii. 1882, p. 160. 

Ck 

Fig. 178..— Ce})lialocoema 
lineata, female, x f. 
S, America. (After 
Brunner.) 
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become withered and brown. A}»parenrly no live thing was to 

seen on this hillock exce])! the iddqiiitous ants, but after a while 

he noticed some “ lightning-like ” movements, which he found were 

due to specimens of I’roscopia. The Insects exactly resend )le the 

withered vegetation amongst which they sit, and when alarmed 

seek safety with a lengthy and most rapid leap. "When attention 

was thus directed to them he found the Insects were really 

abundant, and was often able to secure fifty s])eciniens on a single 

afternoon. These Insects l»ear a great general resemljlance to tlie 

Thasmides, but there is no evidence at })resent to show that tlie 

two kinds of Insects live in company, as is tlie case with so many 

of the Insects that resemble one another in appearance. Although 

the linear form and the elongation of the body are common to the 

stick-In.sects and the Troscopides, yet this structure is due to the 

growth of different parts in the two families. In the Phasmidae 

the prothorax is small, the mesothorax elongate, while in tlie 

Troscopides the reverse is the ease. The elongation of the head 

is very curious in these Insects; the mouth is not thus lirought 

any nearer to the front, but is placed on the under side of the 

head, quite close to the thorax. The tribe Tryxalides contains 

Insects (Pig. 165) that approach the Troscopides in the form of 

the head and other characters. In most cases the .sexes of the 

Troscopides differ from one another so strongly that it is difficult 

to recognise them as being of the same species. Usually both 

sexes are entirely apterous, but the Chilian genus Astroma 

exhibits a remarkable exception and an almost unique condition 

of the alar organs, the mesonotum being in each sex entirely 

destitute of such appendages, while the female has on the meta- 

notuni rudiments of wings which are absent in the male. 

The tribe Tettigides is a very extensive group of .small 

Acridiidae, in which the 

pronotum extends back¬ 

wards as a hood and 

covers the body, the 

tegmina and wings 
Fia. 179. — Tettix hipimctntiis. Britain. A, The Insect being more or less lliodi- 

ni.agnified ; B, part of the middle of the 1)0,ly ; i t 
j,roloi)g.atioii of pronotum tegmen ; c, wing. ' J>lltisn 

species (Pig. 179) tliis 
condition does not greatly modify tlie appearance of the Insect, 

but in many exotic species (Pig. 180) the hood assumes remark- 
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able developments, so that the Insects have no longer the appiear- 

ance of Orthoptera. It would he impossihle, without the aid of 

many figures, to give an idea of the 

variety of forms assumed l:»y this 

prothoracic expansion. It is a repe¬ 

tition of what occurs in the Order 

Hemiptera, where the prothoracic 

hoods of the Memhracides exhibit a 

similar, though even more extra¬ 

ordinary, series of monstrous forms. 

So great is the general similarity 

of the two groups that when the 

genus Xeropliyllum (Fig. 180, A) 

was for the first time described, it 

was treated by the descriher as 

Iieing a hug instead of a grass- 

hopper. This genus includes several 

species from Africa. The curious 

Cladonot'us (Fig. 180, B) is a native 
of Ceylon, where it is said to live in sandy meadows, after the 

fashion of our indigenous species of Tettix (Fig. 179). Aery 

little is known as to the habits of these curious Tettigides, hut 

it has been ascertained that some of the genus Scelimena are 

amphibious, and do not hesitate to enter the water and swim 

about there ; indeed it is said that they prefer plants growing- 

Fig. 180.—Tettigides: A, Xerophyllum 
smiZeFairm. ; B, Cladonotus hum- 
bertianus. (After Bolivar.) 

under water as food. 

This haliit has been 

oliserved lioth in Ceylon 

and the Himalayas. The 

species are said to have 

the hind legs provided 

with dilated foliaceous 

appendages useful for 

swimming. 

The tribe Alastacides 

includes thirty or fort}' 

species of Acridiidae 

with short antennae 

and vertical head (Fig. 

_81, Mastax rjuUatus)\ they are apparently all rare and little 

Fig. 181.—a,' Mastax {Enanthus) yuttatus, male. 
Sumatra. {After Alestwood.) B, prolile j C, front 

of head. 
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known, bnt nve widely distril)uted in the tropics of the Old and 

New Worlds. Nothing wliatever seems to be known of their 

habits or of their development. 

The tribe IhieiTinorides includes a still smaller numl)er of species 

of very aberrant and remarkable grasshoppers, of large size, with 

short antennae, and with the pronotnm prolonged and hood-like ; 

they are peculiar to South .4frica. Although amongst the most 

remarkable of Insects, we are 

not aide to give any infor- 

ination as to their habits. 

It would appear from the form 

of their legs that they have 

but little power of hopping. 

The species of which we figure 

the female (Tig. 182) is very 

remarkable from the difference 

in colour of the sexes. The 

female is so extravagantly col¬ 

oured that she has been said 

to look as if “ got up ” for a 

fancy-dress ball. She is of a 

gay green, with pearly white 

marks, each of which is sur¬ 

rounded by an edging of ma¬ 

genta ; the white marks are 

very numerous, especially on 

the parts of the liody not 

shown in onr figure; the face 

has magenta patches and a 

large niinilter of tiny pearly- 
white tubercles, each of which, when placed on a- green part, is 

surrounded by a little ring of mauve colour. Though the female 

is certainly one of the most remarkably coloured of Insects, her 

consort is of a nmdest, almost unadorned green ctlonr, and is con- 

sideralily different in form. lie is, however, })rovided with a 

musical apparatus, which it is ]i()ssible may be a means of plea.s- 

ing his gorgeous I art dumb spouse. It consists of a series of 

ridges ])laced on eacli side of the inflated abdomen, which, as we 

have ])reviously (]). 200) remarked, has every appearance of being 

inflated with the result of improving its resonance. 

Fig. 182.—Pneummii sctUellaris, female. 
South Afi’iea. 
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The Pyrgoiiiorphides ^ is a small tribe of about 120 described 

species, two of which are found in the south of Europe (Eig. 183, 

Fijryomor})]ia grylloicles). The tribe 

includes a number of large and curious 

Insects, among them the species of 

Pliymateus and Petasia, with pecrdiar 

excrescences on the pronotum and 

vivid colours on some parts of the 

body or its appendages, which are 

apparently common Insects in South 

Africa. 

The tribe Tryxalides includes a 

great many species of grasshoppers. 

In them the front of the head joins Europe. (Alter Fischer.) 

the upper part at an acute angle 
(Figs. 165 and 173). This tribe and the Acridiides are the 

most numerous in species of the family. To the latter belong 

most of the migratory locusts of the New World (Fig. 175, 

CaloyPenus spretus). A Spanish species of this tribe, Pupre- 

pocnernis plorans, though provided with well-developed wings, 

possesses the remarkable habit of seeking shelter by jumping 

into the water and attaching itself below the surface to the 

stems of plants. 
The tribe Pamphagides" includes some 200 species, found 

chiefly in Africa and the arid regions near the Mediterranean 

Sea. They are mostly apterous forms, and this circumstance has. 

according to de Saussure, exercised a marked influence on the 

geographical distribution of the species. Although the tribe 

consists chiefly of apterous forms, several species possess well- 

^ Monograph hy Bolivar, Ann. Soc. Esp. xiii. 1884, p. 1, etc. 

- Monograph, de San,ssure, Spicilegia cntomologica Gcnavensia, pt. 2, Geneva, 1887. 
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developed wings; sometimes this is the case of the male Imt 

not of tlie female. Some of the species are highly modified for 

a desert life, and exhilht a great variation in the colour of tlie 

individuals in confonuity with the tint of the soil they inhahit. 

Xipliocera asina (Fig. 184) is thought l)y Peringuey to be the 

prey of the extraordinary South African tiger-beetles of the 

genus Manticora. 

Xq have already mentioned the tribe Oedipodides ^ as including 

most of tlie s])ecies of migratory locusts of the Old World. Some 

striking cases of variation in colour occur amongst the winged 

Oedipodides. In certain .species the hind wings may be either 

blue or ro.saceous in colour; it is thought that the latter is the 

tint natural in the .species, and that it is due to the mixture of 

a red pigment with the pale blue colour of the wing; hence the 

blue-coloured wings are analogous to cases of alliinism. But the 

most remarkable fact is that this colour difference is correlative 

with locality. Brunner von Wattenwyl says ^ that the blue 

variety of Oe. variahilis occurs only in a few localities in Europe— 

he mentions Vienna and Sarepta,—and that where it occurs not 

a single red example can be met with. Similar phenomena occur 

in other species in both Europe and Vorth America, and E. Bruner 

has suggested^ that the phenomena in the latter country are 

correlative with climatic conditions. 

The group Eremobiens, a subdivision of Oedipodides, includes 

some of the most interestino- forms of Acridiidae. Its mendjers 
O 

have .several modes of stridulation. Cucidlige.ra Jlexuosa and 

other of the winged forms, according to Pantel,'^ produce sounds 

by the friction of the middle tibia against the wing, both of these 

parts being specially modified for the purpose in the male sex. 

The most peculiar members of the Eremobiens are some very 

large Insects, modified to an extraordinary extent for a sedentary 

life in deserts and arid places. Trimen says ^ that a South 

^Vfrican .s]iecies, Tr achy pet ra hufo, which lives amongst stones, is 

so coloured that he had much tlitticidty in detecting it, and that 

he noticed in certain sipots, often only a few square yards in 

extent, where the stones lying on the ground were darker, lighter, 

^ Monograph, do .Sanssure, Soc. PInjs. Geiiivc, xxviii. 1884, No. 9 ; and 

XXX. 1888, No. 1. 

= Prod. Ear. Ortlwpt. 1882, p. 160. 

■* An. Soc. PAjian. xv. 1886, ]i. 273. 

* Science, xxi. p. 133. 

Nature, iv. 1871, p. 333. 
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or more mottled than usual, that the individuals of the grass¬ 

hopper were ot a similar colour to the stones. The Insect 

referred to by Triinen is, we believe, the Batrachotettix xoliiti of de 

Saussure. In this species the alar organs are completely absent, 

and the pronotum forms a sort of hood that protects the base of 

the hind l)ody. Some of the desert Eremobiens vary so much 

that the differences found among individuals of the same species 

VOL. V X 
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are said by lirunuer and de Sanssnre to Ije so great as to affect 

even the generic characters, and give rise to the idea of an 

“ nnconipleted species-formation.” 

Methone anderssoni, an inhaljitant of the Karoo Desert of Sontli 

Africa, is one of the largest of the Acridiidae. A female of this 

species is rei)resented of the natural size in Dig. 185. This 

Insect is remarkable on acconnt of the complex organs for pro¬ 

ducing sound, and for the great modilication of the posterior legs 

(Fig. 185, 5), v/hich do not possess locomotive functions, l)ut serve 

as a portion of the sound- 

producing apparatus, and as 

organs for protecting the sides 

of the body. This Insect is 

said to be very efficient in 

making a noise. The sexes 

differ considerably in their 

sound - producing organs, a 

portion of which are present 

in the female as well as in 

the male (Fig. 18G). Con¬ 

nected with the first abdominal 

segment, but extending back¬ 

wards on the second, there is 

abdominal segment, not of the third, as n i i j. i n 
might be supi^osed from the figure. lOlClS aie StlUClv Lu Some peg¬ 

like projections situate (.)n the 
inner face of the liase of the femur, and a consideral)le noise is 

thus produced. The pegs cannot he seen in our tigure. This 

apparatus is e(pially well develoi)ed in female and male. On the 

}. 186.—Portions of middle of the body and 
hind leg of Methone anderssoni A : «, femur ; 
b, an inferior fold; c, rattling-plate; d, 
striated surface ; e, the adjoining sculpture ; 
/, grooved portion of tegmen. The part e 
is really, like d, a portion of the second 

a peculiar swelling bearing- 

two or three strongly raised 

chitinous folds (Fig. 18G, c). 

When the leg is rotated these 

second abdominal segment, immediately behind the creaking Iblds 

we have descril)ed, there is a prominent area, denselv and hnely 

striated (Fig. 18G, d): this is rubhed by some fine asperities on 

the inner ])art of tlie femur near its base. Sound is produced by 

this friction on tlie striated surface, the sculpture of which is 

alu'iqitly contrasted with that of the contiguous jiarts : these struc¬ 

tures seem to be somewhat better developed in the male than they 

are in the female, and to be phonetic, at any rate in the former sex. 
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The male has the rudimentary tegmina (Fig. 186,/’) much longer 

than they are in the female (Fig. 185), and their prolonged part 

is deeply grooved, so as to give rise to strong ridges, over which 

plays the edge of the denticulate and serrate femur. There is 

nothing to correspond to this in the female, and friction over the 

surface of this part of the male produces a different and louder 

sound. There can he little doulit that this is a phonetic structure 

peculiar to the male. It approximates in situation to the sound- 

producing apparatus of the males of the Stenoliothri and other 

Acridiidae. Metlwne anderssoni has large tympanal organs : the 

small tegmina cover them up completely. In the female the tips 

of the tegmina seem to he adapted for forming covering-Haps 

for the tympana. In both sexes there is a sac (Fig. 186, 5) 

adjoining the structures we have mentioned, hut which is not 

directly phonetic, though it may he an adjunct of the apparatus. 

There is no other Orthopteron in which the phonetic organs 

are so complex as they are in the male of Methane anderssoni, 

and it would appear prolmhle that this Insect possesses the 

power of producing two, if not more, distinct sounds, one in 

common with the female, and peculiar to this and one or two 

other species; the other somewhat similar to that of other Acri- 

diids, and more specially developed in the male, if not absolutely 

confined to it. 

This Insect is of a very sedentary disposition, and when 

distnrlied apparently seeks safety rather by the noise it can make 

than by flight. Its powers of locomotion indeed are very feelile. 

The alar organs are cpiite rudimentary, and of no assistance what¬ 

ever for movement. The hind legs seem to he almost equally 

useless for this purpose; they are l.iroader than they are in other 

Acridiidae, and have different functions. Wlien Methane moves 

it does so by means of tlie anterior four legs, on which it walks 

propped up as if on stilts. ATien at rest the hind legs are pressed 

close to the body, and the tilnae are inflexed and not seen, the 

creature in this position greatly resemljling a clod of earth. We 

know nothing of the life history of this Insect, except that tlie 

young resemlfle the adult in appearance, and are provided with 

the sound-producing apparatus, or some portion thereof. 

The geographical distribution of the Eremobiens corresponds 

with that of the Famphagides, with two important differences, 

viz. that in the Old World the former group occupies a somewhat 
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more restricted area, and that it is represented in the ISTew World 

hy two pecnliar North American genera, llakhaanella and Brcujliy- 

sfdln. B. 'tnagna is ■ an Insect nearly eijual in size to Meilhone 

(ciiderssoiii. Its ])ecnliar form and movements have procured for it 

in Te.xas and Colorado the ])opular names of “ hidfalo hopper" 

and “ lubber grasshopper.” 'riiis Insect has not—like Methone— 

the colours of the desert sands; it is of a green tint, with com¬ 

paratively smooth body, and during the day rests concealed 

under tufts of grass. It has apparently no sound organs, though 

de Saussure thiid-cs there are structures present that are vestiges 

or rudiments thereof. 

The family Acridiidae includes a large part of the species that 

make up our meagre list of British Ortho})tera. Indeed, the 

only native Orthoptera at the present time sufliciently common 

to attract general attention are, in addition to the earwig, the 

species of the genera Btenohotlirus and Gomjdtocerus, who.se 

musical instruments we have described previously. "We have 

eight species of these Insects. They are the little grasshoppers, 

so common in our fields and gardens, the hunting of which is 

a source of much amusement to children. The Insect goes off 

with a sudden and long hop just as it is going to he seized, and 

this is appreciated hy the child as very clever. The hunt, as a 

rule, does not resiilt in much damage to the grasshoppers, the 

ingenious e,scape being the greater part of the pleasure. These 

Stenohotliri are remarkable for their variation in colour, and it 

is tlujught Ijy some that they freipmnt spots where they find 

themselves a match with their surroundino-s. There is, how- 

ever, little or no information of importance on this point extant. 

MecostdJiv.s (jrossus (Tig. H-''), though larger, is very like the 

common field grassh()])pers, hut appears to liave liecome rare 

since the fens were drained. The two curious little grasshoppers 

of the genus Tcttix (Tig. IVh) are not uncommon. In addition 

to these Acridiidae, three species of migratory locusts are occa¬ 

sionally met Avith in'Britain, aIz. Bachytylus citterascens (Tig. 

177), -B. Miyriifiirtiis, and BcJiistocercio 2)c.rcyrL7ia (Tig. 84); this 

latter Ave haA'e already alluded to as being piAjhahly the k>cust 

mentioned in the ln>ok of Exodus. 

iVcridiidae, hawe ueA'er been found in ainljer, oAving possibly to 

their large size and strength. There are hut feAV fossil forms knoAvn, 

and these do not extend farther back in time than the IVIesozoic 
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epoch. Several forms, including three peculiar genera, have 
been found in the Tertiary strata at Florissant. The remains 
from the Mesozoic layers are ayjparently very fragmentary and 
obscure. 

Brongniart has instituted a family of Insects under the name 
Palaeacrididae ^ for some fossil Insects from the Carboniferous 
strata at Commentry. He considers that these Insects were 
abundant in the epoch of the Carboniferous strata. 

The very large number of genera and species of Acridiidae 
have been recently arranged in nine tribes by Brunner von 
Wattenwyl:— 

1. Feet without a claw-pad.^ [Proiiotuni covering all the body.] Tegmina 
lohe-like. Tribe 1. Tettigides. (Figs. 179, 180, Tettix, Xeroijhijllwm, 
Gladonotus.) 

1'. Feet with a claw-pad. 
2. Antennae shorter than the anterior femora. 

3. Head sliort, as if compressed from in front. 
4. Body bladder-like, inflated.^ [Pronotiun covering half the 

abdomen.] South African species. Tribe 2. Pxeumoiiides. 

(Fig. 182, Pneumora scutellaris.) 
4'. Body ordinary. Tribe 3. Mastacides. (Fig. 181, Mastax 

(juttatus) 
3'. Head very elongate. [Body apterous or sub-apterous.] Tribe 

4. Proscopiides. (Fig. 178, Ceplmlocoema lineata.) 
2'. Antennae longer than the anterior femora. 

3. Prosternuin unarmed. 
4. The plane of the vertex of the head meeting the plane of 

the front of the head as an angle. The former produced or 
declivous. The face looking down. Tribe 5. Tryxalides. 

(Fig. 165, Tryxcdis nasuta ; Fig. 173, Mecostethus grossus.) 
4'. Planes of the vertex and front of the head connected in 

a rounded manner. Face looking forwards. Tribe 6. 
Oedipodides. (Fig. 177, Pachytylus; Fig. 185, Methone.) 

3l Prosternum with an elevated lamina in front, either irregularly 
swollen or miicronate. 

4. Foveoles of the vertex superior, contiguous, forming the 
apex of the vertex. Face looking much downwards. 
Tribe 7. Pyrgomorphides. (Fig. 183, Pyrgoynorpha 

grylloides.) 
4'. Foveoles of the vertex, either superior (but not forming the 

apex of the vertex), or lateral, or inferior, or quite obsolete. 

^ Bull. Soc. Rouen, 1885, and Imcctes fossUes, etc. 1894, p. 439. 
A few species of Proscopiides and Oedqjodides, though placed in the next 

division, are destitute of any claw-pad. 
3 This applies specially to the males.—D. S. 
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5. Foveole.s superior, opjen behind. Prosternuin irregularly 
swollen, rarely iiiucronate. Tribe 8. PAiiPH.\GiDE.s. 
(Fig. 184, A'iphocera asina.) 

6'. Foveoles lateral or inferior, closed behind or (usually) 

entirely obsolete. Prosternuin di.stinctly niucronate or 

tuberculate. Tribe 9. Achidiides. (Fig. 84, Acridium 

p)ereijrinum; Fig. 17G, Caloptenus spretus.) 



CHAPTER XIII 

ORTHOPTERA COXTiyUEJj-LOCUSTIDAE, GREEN 

GRASSHOPPERS, KATYDIDS 

Fam. VII. Locustidae—Green Grasshoppers. 

Ortlioptera, with very long delicate antennae composed of vmny more 

than thirty joints; hind legs longer than the others, thicker 

at the iase. Tarsi loith four joints. Front tibiae usually 

ytrovided with tympanal organs placed beloiu the knee ; stridu- 

lating apparatus of males, when present, situate on the basal 

part of the tegmina. Femcdes usucdly with aw elongate ex- 

serted ovijoositor, formed by the apposition of six pieces. 

Wingless forms numerous. 

An unfortunate confusion has long existed as to the term 

Locustidae, and has resulted in the application of the name to a 

group of Insects that contains none of the locusts of ordinaiy 

language. Some entomologists therefore use the term I’hasgonu- 

ridea for this family, but tlie great majority prefer the term 

Locustidae. 
The Locustidae are, as a rule, more fragile Insects than the 
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Acridiidte, frciiii which tliey can be readily distinguished Ijy the 

characters we have nientioned in our dehnition. According to 

]i)ufour, there are no air vesicles connected with the tracheal 

system in this family; possildy to this it may he due that none 

of the hxniily undertake the long flights and migratory wanderings 

that have made some of the Acridiidae so notorious. ^Ary little 

is known as to the life histories of the memhers of this extensive 

family of Orthoptera. Graher, however, has given some particulars 

as to the development of Flatydeis grisea, and of one or two other 

Fig. 188. —Development of wings in Platycleis grisea: A. B. C, D, E, consecutive 
.stages ; p, prothoiax ; m, niesothorax ; mt, nietatliora.'c ; t, tegmen ; u\ wing ; 
ab', position of first abdominal segment. In C, D, and E, m points to the part by 
which the wi, shown in A and B, is concealed ; in D and E only the positions of mt 
are indicated. (After Graher.) 

species. He recognises five instars, hut his first is probably 

really the second, as he did not observe the Insect in its youngest 

condition. Altliough his figures are very poor, we reproduce 

them, as they give some idea of the mode of growth of the wings, 

and of the correlative changes in the thoracic segments. It 

will he seen that in the hrst three of these instars the alar organs 

appear merely as jirolongations of the sides of the posterior two 

thoracic rings, and that in I) a great change has occurred in the 

l)osition of tlie.se segments, so that the alar organs are free 

l)rocesses, the two ])osterior thoracic rings being insignihcant in 

size in comjiarison with the now greatly ileveloped prothorax. 

In E the tegmen is shown fully developed, the positions of some 
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of the rings covered by it being indicated by the letters vi, mi, 

ah'. These changes are very similar to those we have, described 

in Acridiidae, the chief difference l^eing the greater development 

of the dependent wing-pads previous to the fourth instar. 

The ocelli in Locustidae are mnch more imperfect than they 

are in Acridiidae, and are frequently rudimentary or nearly totally 

absent, or there may he lint one in¬ 

stead of three. They are, however, 

present in a fairly well-developed state 

in some s])ecies, and this is the case 

with tlie one whose face we portray 

in Fig. 189, where the anterior of the 

three ocelli is c^nite conspicnons, the 

other two lieing placed one on each 

side of the cm ions frontal cone near 

its base. The pecnliar head ornament 

shown in this figure exists in both 

sexes, and something similar occurs in 

a large number of Conocephalides. We 

have not the slightest idea of its im¬ 

port. Individuals of one or more 

species of this curious South American 

genus are occasionally met with alive 

in gardens near London. They are, no 

doubt, imported as eggs, for they are 

sometimes met with in the juvenile 

state, but in what way they are intro¬ 

duced is not known. 

The ovipositor frequently attains a 

great length in these Insects, so as to exceed that of the body. It is 

used in different ways, some of the family depositing their eggs in 

the eartli, perhaps in vegetable matter under the surface ; but other 

species })lace the ova in twigs or stems of plants, arranging them 

in a very neat and compact manner in two series, as depicted by 

Eiley^ in the case of Microcentrum retincrve (Fig. 190). These 

eggs are laid in the autumn, and in the following spring become 

more swollen before hatching. The Insect undergoes a moult 

during the process of emerging from the egg. By the time the 

emergence is completed the Micvocentrum has expanded so mucli 

1 Ann. Bep. Insects Missouri, vi. 1874, p. 155. 

Fig. 189. — Front of Lead of 
Copiophora cornuta, female. 
Demerara. 
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ill. size tliat it is a matter of astonishment how it can ever have 

been packed in the egg; tlie young commence jumping and 

eating leaves in a few minutes. Including 

the ecdy.sis made on leaving the egg, they 

cast their skins five times. The post-embryonic 

development occupies a period of aljout ten 

weeks. Idie larvae eat their cast skins. When 

the final moult occurs the tegmina and wings 

are at first rpute soft and colourless, hut 

within an hour they assume their green colour. 

These Insects, as remarked by Itiley, make in¬ 

teresting pets. The people of the Amazon valley 

are in the haliit of keeping a species in cages, 

and our British Lomsta %-iridissima does very 

well in confinement. One of the most curious 

halnts of these Locustidae is a constant lick¬ 

ing of the front paws. Pdley says that M. 

retinerve liestows as much attention on its 

long graceful anteniife as many a maiden does 

upon her alunidant tresses, the antenna? Iieing 

^ ^'"kat^yili'd {^Ficroceii- drawn between the jaws and smoothed by the 
truvi retinerve): A, palpi. This American naturalist also tells us 
the two senes at , , , , . , , . 
deposition; B, side that he reared three successive broods lu con- 

view of a single Pi^eiuent, and that the Insects graduallv 
senes. (Alter Kilev.) ^ 

deteriorated, so that the eggs of the third 

generation failed to hatch. 

The ovipositor, which is one of the most characteristic features 

of the Locustidae, is not present in tlie newly-hatched Locustid 

(Fig. 191, A), the organ Iieing then represented only by two 

jiapillae placed on the penultimate segment. The structure, and 

development of the ovipositor in Locusta viricUssima have lieen 

described liy Ilewitz.^ Fig. 191, A, shows the young Insect taken 

from the egg just as it is aliout to emerge. The abdomen consists 

of ten sen'inents, the terminal one bearino: at its extremitv two 

jirocesses, the cerci, a'. These persist throughout the life of the 

Insect, and take no part in the formation of the ovipositor. The 

tenth segment subsequently divides into two (a, a", FTg. 191, C), 

giving rise to the ap])earance of eleven abdominal segments, 

and of the ovipositor springing from the antepenultimate. Xear 

' Zcitschr. wiss. Zool. xxv. 1875, pp. 174-200, pi. xii. 
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t<i one another, on the niiddle of the ventral aspect of the true 

ninth abdominal segment, are 

seen the tw(j papillae (//), which 

at first are the only visible indi¬ 

cations of the future ovipositor. 

If, however, the integument he 

taken oft' and carefully examined, 

it will he found that there exist 

on the eighth abdominal plate 

two spots, where there is a slight 

thickening and prominence of 

the integument (Ihg. 191, B, e). 

From these two spots the two 

lower rods of the ovipositor are 

produced; these two, together 

with the two growths from the 

ninth segment, form the four ex¬ 

ternal rods of the ovipositor. 

Inside these there exist in the 

completed structure two other rods (Fig. 192, B, d"). These are 

produced by a growth from the inner parts of the two papillae 

of the ninth segment. The relations of the six rods in their 

early condition are shown in Fig. 191, G, where the two primary 

papillae I' of the ninth segment are seen with their secondary 

Pig. 192.—Structure of 
ovipositor of Locusta 
I'iridissima : A, ar¬ 
rangement of parts at 
base, c' being separated 
and turned outwards ; 
B, transverse section. 
The parts of the ap¬ 
pendage bear tlie same 
iettering as in Fig. 191. 
(After hewitz.) 

offshoots h”; c' Iteing the papillae of the eighth segment. The 

subsequent relations of the pieces are shown in Fig. 192; A 

exhibiting the base of the organ with the lower rods turned 

on one side to show the others, the shaded parts indicating 

c 

C 

Fig. 191.—Development of ovipositor of 
Locusta viridissim a : a, terminal seg¬ 
ment ; a', cerci ; ft", secondary division 
of terminal segment ; h, penultimate 
(ninth) segment ; h', primary papillae 
of this segment; h", secondary divi¬ 
sions thereof; c, eighth segment ; c', 
its papillae. (After Dewitz.) A, 
einbrjm ready for emergence ; B, 
portion of integument of the ventral 
plates of eighth and ninth segments ; 
C, the appendages in a condition 
somewhat more advanced than they 
are in A. 
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niHScular attacliiuentH ; J ) is a transverse section of the organ. In 

these fignres the different ])arts (jf the appendages liear the same 

lettering as they do in Fig. 191. It will he seen that in the com- 

])leted strnctnres the parts c/ have l)econie very intimately con¬ 

nected with the parts 1/ and h", which helong to another segment. 

The Locnstidae resemhle the Acridiidae in the possession of 

specialised ears and sound-producing organs; neither of these is, 

however, situate in the same part of the body as in Acridiidae. 

The ears of Locnstidae are 

])laced on the front legs, helow 

the knee; a tympannm (Fig. 

19d, A), or a crack giving en¬ 

trance to a cavity in which the 

tympannm is placed (Fig. l\)o, 

B), l)eing seen on each side of 

each of the anterif)r pair of 

limbs. In this family, as in 

the Acridiidae, three kinds of 

ear ai’e recognised according to 

the condition of the tympanum, 

which is either exposed (Fig. 

193, A) or closed by an over¬ 

growth of the integument (Fig. 

193, B), or in a condition to a 

certain extent different from 

either of these. The existence of 

ears placed on the legs is a curi¬ 

ous fact, hut it is beyond donljt 

in the Locnstidae, and there is good reason for believing that analo- 

gous organs exist in this situation in other Insects that have special 

means of sound-production, such as the ants and the Termites. 

The structure of these organs in the Locnstidae has been 

investigated by (Iraber,' and their acoustic functions placed 

l)eyond doubt, thougli to what special kind of sounds they may 

be sensitive is not ascertained, this point being surrounded liy 

even greater diliiculties than those we have discussed in the case 

of the Acridiidae. In the Locnstidae there is a special structure 

<jf a reniarkalde nature in connexion with the ears. In Acridiidae 

’ Arch. f. hlikr. Anat. .xx. 1882, and xxi. See also von Adelung, Zeitschr. iviss. 

Zoul. liv. 1892, p. 316. 

A B 
Fig. 193.—Eav.s of Locnstidae : A, portion 

of front leg of Odontura serricauda, 
adult ; p, prominence of integument ; r, 
rim of ear ; T, tympanum ; h, thickened 
area thereof ; Fu, remains of groove in 
which the structure was developed. B, 
portion of front leg of Thamnotrizon 
apterus ; i, inner margin ; a, slit - like 
external aperture of ear ; di, overlapping 
cover of the ear. (After Grater.) 
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a stigma is placed close to the ear, and supplies the internal 

structures of the organ uith air. There^are no stigmata on the 

legs of lusects, consequently admission of air to the acoustic 

apparatus in Locustidae is effected hy means of a gaping orifice 

at the hack of the prothorax, just over the base of the front leg 

(Fig. -101); this communicates with its fellow of the other side, 

and from them there extend processes along the femora into the 

tibiae, where they undergo dilatation, so as to form vesicular 

cavities, one of which is in proximity to each drum of the ear. 

These leg-tracheae are not con¬ 

nected with the ordinary tracheal 

system; the prothoracic stigma 

exists in close proximity to the 

acoustic orifice we have described, 

l)ut is much smaller than it. It 

is not yet clear why the acoustic 

apparatus should require a supply 

of air apart from that which could 

he afforded l)y the ordinary tracheal 

system. This special arrangement 

— to wliich there is hardly a 

parallel in Insect anatomy—has 

still to he accounted for; we do 

not know whether the necessity 

for it may lie connected with the 

respiratory system or the acoustic 

organ. 

The chief features of the acous¬ 

tic apparatus of the legs of Locus- 

tidae will he gathered from the 

accompanying diagrammatic trans¬ 

verse section through the tibia. In 

this figure the deep black parts 

indicate the outer wall of the 

tibia and its prolongations, tlie 

white spaces indicate the parts 

filled with air, while the dotted 

}>ortions are occupied by blood or some of the body organs ; ^ tlie 

^ The small space above Ivi left free from dots is,we presume,due to an omission on tlie 

part of Graber’s artist, but we have not thought it right to interfere with his diagram. 

h 
J 

Fig. 194.-Diagrara of arrangement of part.s 
of the ear as seen in transverse section of 
thetibiaofaLocustid. A, J,V, H, outer, 
inner, anterior, posterior aspects of leg; 
a,(f,thin part of integument forming an¬ 
terior tympanum ; b, c, thicker portion 
of same ; /, g, posterior tympanum ; 
a, /, and d, h, g, thick portions of 
integument ; f, k, internal protuber¬ 
ances of same ; I, m, n, 0, walls of the 
anterior tracheal vesicle, vTr; p, q, s, r, 
walls of the posterior tracheal vesicle, 
hTr; 0", projection of tympanal orifice 
of prothorax ; tr-n, tracheal nerve- 
end organ, crista acustica; st, rod ; 
de, curtain-membrane ; lui, e, supra- 
tympanal, nerve-einl organ ; hn, gang¬ 
lion cells ; si', rods ; e, iioint of in- 
tegumental fixation of nerve endings. 
(After Graber.) 
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circular space c" is not ])art of the actual structure, hut re})re- 

sents the area of the external acoustic (jrihce of the prothorax; 

it is not, however, so large as it should he. 

Although the tihial ears of Locustidae are veiy perfect organs, 

there is great difficulty in deciding (jii the exact nature of their 

function:^.. They would appear to he admirahly adapted to 

deterniine the precise locality from which a s(nmd proceeds, 

especially in those cases—and they are the highest forms—in 

which the tympanum is placed in a cavity tlie external orifice 

of which is a slit (Fig. 193, B); for the legs can he moved in 

the freest manner in every direction, so as to hring the drum 

into the most direct line of the vilu'ations. But as to what 

kinds of vibrations may he perceived, and the manner in which 

they may he transmitted to the nerves, there is hut little 

evidence. On reference to the diagram it will lie noticed that 

the tympanum, the tympanal vesicles, and the nervous apparatus 

are not in close connexion, so that even the mode hy which the 

impulses are transmitted is obscure. 

The musical organs of the Locustidae are different from those 

of the Acridiidae, and are invariably siti;ate on the Imsal part of 

the tegmina. They are found, in the great majority of eases, only 

in the male; in the trilies Ephippigerides and Oallimenides they 

exist in each sex. One of the wings bears a file on its inner sur¬ 

face, while the other—on the right side of the body—is provided 

with a sharp edge placed on a prominent part of its inner margin. 

By slightly tilting the tegmina and vibrating them ra;[iidly,the edge 

passes under the file, and a musical sound is produced. These 

structures are limited to thq small anal area of the wing, and when 

the tegmina are very greatly reduced in size, it is this part that 

still remains. There is much variety in the details of the structure. 

The nervures of this part of the tegmina are different in the 

male from what they are in the female, and, moreover, the twe 

wing-covers of the male differ from one another. It is apparentlv 

the vilirations of the right tegmen that iiroduce the sound, and 

this part usually bears a space of a glassy nature, which probably 

improves the character (if tlie sound produced. Our chief British 

songster of this group, Lucunfa inrulissiiiia, is oidy provided with 

[ihonetic organs (Kig. 1!)5) of a somewhat imperfect character, 

but ill the genus Mccopoda there is great perfection of the 

structures. Ihe anal areas of the two tegmina are in this case 
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very different; that of the left one, which hears tlie file, lieing 

similar in texture to the rest of the wing-cover, while the corre¬ 

sponding part of the other tegnien is 

rigid and transparent, and greatly 

distorted, so as to create a cavity 

which, no doubt, improves the sound; 

the scraper too is very perfectly 

formed. The difference between this 

form of musical organ and that of 

L. viridissivia is curious, inasmuch 

as in the better instrument the im¬ 

portant modifications are confined to 

one tegmen, while in the other form 

both tegmina are largely changed. 

The difference appears to be that in 

locusta the left tegmen, as well as 

the riwht one, acts as a soundinu- 

board, while in Mecopoda it does not 

do so, but when the wings are closed 

quite covers and conceals the musical 

instrument. 

The Locustidae, notwithstandinu’ 

the fact that their alar organs are 

generally more ample than those of the 

Acridiidae, seem to be, as a rule, of more sedentary haliits, and more 

nocturnal in their activity. The musical powers of the difierent 

species are very varied. Locusta viridissinm produces a shrill and 

monotonous but not disagreeable, sound, and is capable of sustain¬ 

ing it for a quarter of an hour without any intermission, except 

a break for the sake of starting again immediately with greater 

force, like a performer on a flute. It occasionally chirps in the 

day, Imt the act is then very brief Bates informs us that one 

of these singing grasshoppers, called Tauana by the natives 

of the Amazon valley, is much admired for its singing, and 

is kept in little cages. The Amazonian naturalist thought the 

music of this species superior to that of any other Orthopterous 

Insect he had heard. The name of this grasshopper is Thlihoscel'us 

camellifoluis. It is very similar in appearance to CUjrtophyllus 

crepitans, the Insect we have represented in Fig. 18 7. 

The most notorious of the musical Locustids are tlie Katydids 

Fig. 195.—Inner face of base of 
tegmina of Locusta viridissima : 
A, the two wing-covers separ¬ 
ated ; B, ill natural position with 
mesonotuin connecting them, 
showing file and edge scraping 
it ; a, the stridulatiiig tile ; h, 
the rudimentary tile on other 
tegnien. 
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of North America. There are several species of them—they belong, 

imleecl, to more than one genus,—hut it seems that sounds some¬ 

what resend)ling the words Katy-did are perceptible in most of 

their perl'ormaiices. These sounds are freqnently repeated with 

slight variations—Katy-did, U-she-did, Katy-did-she-did. Eiley 

descril)es the nmsic of the Katydid we represent in P'ig. 19 6 as 

follows: ^ “ The first notes from this Katydid are heard about 

the middle of July, and the species is in full song by the first 

of August. "The wing-covers are partially opened Ity a sudden 

jerk, and the :iotes produced by the gradual closing of the same. 

The. song consists of a series of from twenty-five to thirty rasp¬ 

ings, as of a stiff quill drawn across a coarse file. There are 

about five of these raspings or trills per second, all alike, and 

with equal intervals, except the last two or three, which, with 

Fig. 196.—Katydid, Microcentruiii retinerve. N. America. (After Riley.) 

the closing of the wing-covers, run into each other. The whole 

strongly recalls the slow turning of a child’s wooden rattle, ending 

by a sudden jerk of the same; and this prolonged rattling, which 

is peculiar to the male, is invariably and instantly answered hy 

a single sharp ‘ chirp ’ or ‘ tschick ’ from one or more females, 

who produce the sound by a sudden upward jerk of the 

wings.” 

Pertinacity is one of the most curious features of the perform¬ 

ance ol musical Locustids. One would say they desire to distinguish 

themselves as much as possible. Harris says that CijHophyUnii 

concavus mounts on the iqipermost twigs of trees and there per¬ 

forms its Katy-flid-she-did in rivalry with others. He savs eA'en 

the female in this species gives forth a feeble noise. Scudder 

says that some of the Katydids sing both by day and night, but 

their day song dilfers from that of the night. “ On a summer’s 

day it is curious to observe these little creatures suddenly chang- 

’ Ann. Rq). Insects Missouri, vi. 1874, p. 159. 
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ing from the day to the night song at the mere passing of a 

cloud, and returning to the old note when the sky is clear. By 

imitating the two songs in the daytime the grasshoppers can l.ie 

made to respond to either at will; at night they liave but one 

note.” 

Although but little is known as to the habits of Locustidae, 

it is ascertained that they are less exclusively herbivorous in 

their food habits than the Acridiidae are; many seem to prefer 

a mixed diet. Locusta viridisshna will eat various leaves and 

fruits, besides small quantities of flesh. It has been recorded 

that a specimen in confinement mastered a humhle-bee, extracted 

with its mandibles the honey-bag, and ate this dainty, leaAung 

the other parts of the bee untouched. IMany of the Locustidae 

are believed to be entirely carnivorous. Brunner considers a 

minority to be exclusively phytophagous. The species very 

rarely increase to large numbers; this, howeA'er, occurs some¬ 

times with Orjdiania denticauda and Barhitistes yersini in 

Europe, and Anabrus in ISTorth America. We 

have already mentioned that the eggs of some species are 

deposited in parts of plants, and of others in the earth. The 

British Meconema raidum deposits its eggs in the galls of Cynips 

in the autumn; these eggs do not hatch till the following 

spring. Xiphidiuvi ensiferum has somewhat similar habits in 

Xorth America, the gall selected for the reception of the eggs 

being the scales formed Ijy a species of Cecidoviyia on the leax'es 

of willows. It has been ascertained that the development of 

the embryo in the last - named species is eommenced in the 

autumn, but is suspended during the winter, being only com¬ 

pleted in the following spring, eight or nine months afterwards. 

We owe to Wheeler ^ a memoir on the embryology of this Insect. 

Some of the species have the peculiar habit of dwelling in 

caves. This is especially the case with the members of the tribe 

Stenopelmatides (Fig. 197), which frequently possess enormously 

long antennae and legs, and are destitute of alar organs and 

ears. The species with this habit, though found in the most 

widely separated parts of the world, have a great general 

resemblance, so that one would almost suppose the specimens 

found in the caves of Austria, in the Mammoth cave of Ken¬ 

tucky, and in the rock-cavities of Xew Zealand to be one 

1 tVheeler, J. Uorphol. viii. 1893. 

VOL. V Y 
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Specie,s, altJuiugli they are now referred l:)y ento:nologi,sts to 

different genera. 

The Locustidae display in the greatest possible perfection 

that re.sernblance of the teo;niina to leaves which we mentioned 

when .speaking of the general characters of the Orthoptera. The 

wing-covers are very leaf-like in colour and appearance in many 

Locustidae, Imt it is in the tribe Pseudophyllides and in the South 

American genus Fterochroza (Tig. 198) that the phenomenon is 

most remarkable. The tegmina in the species of this genus 

look exactly like leaves in certain stages of ripeness or decay. 

In the tegmina of some of the species not only are the colours 

of faded leaves exactly reproduced, but spots are present like 

those on leaves due to 

cryptogamic growths. 

Perhaps the most 

remarkable feature 

of these resemblances 

is the one pointed 

out liy Brunner 

von IVattenwyl,^ 

viz. that the tracks 

and spots formed on 

leaves by the mining of 

Insects in their tissues 
are aiso representen in the leaf-IiRe wing-covers of the Ttcrochroza ; 

transparent .spots (a, a, Pig. 198) being present, just as they are 

in many leaves that have lieen attacked l)y Insects. Brunner was 

so much impressed l)y these tacts that he came to the conclusion 

that they cannot be accounted tor on the grounds of mere utility, 

’ Vtrh. zool.-hot. Gcs. Wien, xxxiii, 1SS3, p. 248. 

Fig. 198.—Leaf-like tegmen of Fterochroza ocellala : a, 
</, a, iiiai'k.s like those made by Insects on leaves. 
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and proposed the term Hrpertely to express the idea that in 

these cases the hounds of the useful are transcended. We 
will inention here another peculiar case 

of reseinldance described by llrnnner as 

occurring in a Locustid. Two specimens 

of a little Idiaiieropterid were brought 

from the Soudan by the Antinori ex- 

petlition, and liave been described l.iy 

Brunner under the name of Myrineco- 

2-)h((na fallax. The Insect is said to 

Ijear an extraordinary resemljlance to 

an ant. The most peculiar feature in 

the resemblance is shown in Fig. 199, 

A, 1). The most characteristic point in 

the external form of an ant is the stalked 

abdomen, this structure being at the 

same time quite foreign to the Orthoptera.. 

In the other parts of the body and in 
1 11 .1 Tr 7 EiQ- 199.—2fynnecophana 

the colour generally, tlie Jlyrmccoj^hantc fallax. 

resembles an ant, Imt the abdomen of 

the Orthopteron is not stalked; it has, however, the appearance 

of l;)eing so, in consecpience of certain parts being of a white 

colour, as shown in our figure. If abstraction be made of the 

white parts, the form of the stalked alxlomen of the ant is nicely 

reproduced. The specimens brought from the Soudan were wing¬ 

less and destitute of ovipositor, and may Ije immature, but Brunner 

suggests that they may prove to be really mature, the ovipositor, 

tegmina, aiid wings being permanently absent. The existence 

of a long ovipositor would certainly detract greatly from the ant¬ 

like appearance of the Orthopteron. 

It is certain that the plant-like appearance of some of the 

Locustidae renders them inconspicnous to the human eye in tlie 

situations they frequent. It is a matter of common observation 

that though the noise of their chirpings may be heard to such an 

extent as to make it certain that many individuals must be in the 

immetliate neighbourhood, yet at the same time it may be most 

difficult to detect even a single individual. M. Boutan noticed 

this })heuomenon in the case of IJiilirpingera rugosicollts, and 

tells us that the human eye can, with a little practice, acquire 

the art of detecting these concealed creatures. This consists 
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apparently in making nse, not of a general inspection, ljut of a 

scrutiny of the outlines of the leaves and twigs of a tree. ]5y 

this means, when the eye is accustomed to the task, the Insects 

ciin he det(icted with comparative ease; much in the same way, 

kl. Jloutan says, as a figure, placed 

in an engraving in such a way as to 

elude the eye, is appreciated with ease 

after the eye has once perceived it. 

Some of the Locustidae are pro¬ 

vided with means of defence of a posi¬ 

tive nature. The Algerian Eiujaster 

guyoni ejects t\vo jets of a caustic 

orange-coloured fluid from two pores 

situate on the sides of the meso- 

sternum, and covered by the anterior 

coxae. This species is carnivorous as 

well as herbivorous, and produces a 

sound more like humming than stridu- 

lation.’- 

A'e have previously pointed out 

that some of the Acridiidae resemble 

the stick - Insects rather than the 

members of their own group; and 

similar cases occur amongst the Locus¬ 

tidae. Such a resemljlance has, how¬ 

ever, only been found in a few species 

of the tribe IT’ochilides. AVe figure 

one of these, Phasmocles ranatriforniis, 

a native of South - AVest Australia. 

The very elongate linear form and the 

total absence of alar organs give this 

Fig. 200. — p/uesmodes ratiafri- 1 iisect a Considerable resemblance to 
/'ormts,female. Australia. (After j.- i t j. i. an 
Westwood.) the stick-Imsects or apterous Thas- 

midae. J^rocJiiliis australis is ttllied 

to this curious Locustid, but the alar organs are present in both 

sexes, and the Insect bears ti gretit resembkince to the winged 

I’hasmidtie. This is due not onlv to the general form and colour, 

but id,so to the fact that the tegmimi are very narrow, which 

' Ronnet ami Fiiiot, Pu’v. Set. Nat. (3) iv. p. 345. The word we have translated 
as Immiuing is •'bniissemont.” 



XIII LOCUSTIDAE 325 

causes them to look like the coloured slip 011 the anterior parts 

of the wings of some of the I’hasmidae (cf. p. 266). Another 

case of a Locustid with elongate, slender form is found in the 

extraordinary Peringneydla jocosa of South Africa, a mendjer of 

the tribe Sagides. It has minute organs of flight, and repro¬ 

duces, to a considerable extent, the form and appearance of 

I’roscopides or of some Tryxalides.^ 

We follow Brunner in placing among the Locustidae the large 

Insect we represent in Fig. 201. It is remarkable on account ol its 

tegmina and wings; these have their extremities much x'l’olonged 

and curled; moreover, the flat interior area and the abruptly de- 

^ De Saussiire, Ann. Soc. cnt. France, 1888, p. 151, pi. v. fig. 1. 
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flexed exterior area make them look more like the wiims of 

(hyllidae. il’his species has no ocelli, and is said to he destitute 

of ears. The inflated condition of the anterior and middle tilnae 

sn^gest that it ])ossesses anditory structures, though there appears 

to he no external opening for them. This Insect is found in India, 

where it is said to Ije common on the hanks of sandy rivers, 

living there in burrows of the depth of three feet. "NTry little 

is known, however, as to this curious Insect. It has recently 

been reported^ as feeing injurious to tobacco and other crops on 

high ground in Durhungha by cutting off their roots. The local 

7iame for the Insect is hhenva. 'We should think it somewhat 

doubtful whether this refers really to monstrosus. 

Fig. 202.—Anostostovia australasiae, male. Australia. 

In number of species the Locustidae are perhaps scarcely 

inferior to the Acridiidae, and in variety of form they surpass 

this latter family. Many of the most gigantic forms are apterous, 

and these very often have a repellant as})ect. The genus A-nosto- 

stuviaia remarkable for its large head. Allied to it is JJeimcrida 

lieteracantlba, the “ AVeta-punga ” of the Xew Zealand natives, an 

Insect formerly alumdant in the forests north of Auckland, hut 

of late yea,rs become extremely rare. The head and body of 

this Insect may measure more than 2^- inches in length, and 

wdien the a,ntennae and legs are stretched out the total length 

ma.y he 14 or l.A inches. ^Vlthough bulky and alisolutely wing¬ 

less, yet, as Tidier informs us,'-'’ it climbs with agility, and is 

sometimes found on the topmost branches of lofty trees. AVheii 

disturbed it ])roduces a clicking, accompanied by a slow movement 

' Indian 21ns. Notes, ii. 1893, p. 172. ^ Zoologist. 1867, p. 4.89. 
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of its hind legs. A second species, I), thoracica, lives in decayed 

wood, and a third, 1). megacephala, is reniarkal)le from the very 

large size of the head and mandibles in the male sex. The fact 

that a clicking noise is produced by the Weta-punga is of some 

interest, for the genus Deinacridci is among the Locustidae that 

possess ears, but are said to be destitute of sound-producing organs. 

AmoiiQfst the most remarkable of the Locustidae are the two 
O 

species of which Brongniart has recently formed the genus 

E'umegalodon and the tribe Eumegalodonidae, which is not included 

in Brunner’s table of the tribes of Locustidae. The ovipositor 

Fig. 203.—Luviegalodon llanchardi, imiaXc. Borneo, xi. (After Brongniart.) 

is large and salu’e-shaped; the male is unknown. The genus 

Megalodon is placed l;)y Brunner in the tribe Conocephalides; it 

also consists of extremely reniarkaljle Insects. 

The Locustidae appear to l)e of slow growth, and the autumns 

of Britain are usually not warm enough for them. Hence we 

have but nine British species, and of this number only three or 

four are known to occur north of the Thames. The only one 

that attracts attention is Locusta viridissima, which in some 

districts of the south of England occurs in considerable numbers, 

and attests its presence by its peculiar music. It is called the 

green grasshopper. 
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Tlie geological record is rather obscure in the matter of 

Locustidae. Scudder considers that a fair number of Tertiary 

forms are known, and says that they represent several of the 

existing tribes and genera. One or two have been found in 

Mesozoic rocks. 

Table of the Tribes of Locustidae 

1. Tarsi more or less depressed. 

2. Front tibiae furnished with auditory cavities. 

3. Antennae less distant from the summit of the occiput than from 

the labrum ; inserted between the eyes.^ 

4. First two joints of the tarsi laterally smooth. (Posterior tibiae 

furnished on each side with an apical spine.) Tribe 1. 

Phaneropterides. (Fig. 196, Microcentrum; Fig. 199, 

Myrmecopluina. Fig. 101, Poecilimon affinis.) 

4'. First two joints of the tarsi laterally, longitudinally sulcate. 

5. Foramina of the anterior tibiae normally open. (Fig. 

193, A.) 

6. Posterior tibiae furnished on each side with apical spines. 

7. Prosternum unarmed. Tribe 2. Mecoxemides. 

7'. Prosternum bispinose or bituberculate. Tribe 3. 

^Iecopodides. 

6'. Posterior tibiae rvith no apical spines. (Head prognath¬ 

ous.) Tribe 4. Prochilides. (Fig. 200, Phasmodes.) 

o'. Foramina of the anterior tibiae forming a chink, or pro¬ 

tected by a scale. (Fig. 193, B.) 

6. Anterior tibiae with no apical spines. 

7. Margins of the scrobes- of the antennae prominent. 

Tribe 5. Pseudophyllides. (Fig. 187, Cyrtophyllus 

crepitans; Fig. 198, Pterochroza ocellata.) 

7'. Margins of the scrobes of the antennae not prominent. 

8. Posterior tibiae furnished above on each side with 

apical spines, or rvith a single spine on the side. 

9. Posterior tibiae either furnished with apical 

spines on each side, or only on the inner side. 

Tribe 6. Coxocephalides. (Fig. 189, Copio- 
pliora cornuta.) 

9'. Posterior tibiae furnished above with an 

apical spine placed only on the outer side. 

'Pribe 7. Tympaxophorides. 

8'. Posterior tibiae without apical spines. Tribe 8. 

Sag IDES. 

()'. Anterior tibiae furnished with an apical spine on the 
inner side.^ 

^ This diagnosis is an attempt to express in something aj)proaching an exact 
manner the distinction of tlie llattened from the arched or convex head. 

^ Scrobes are the depressions in which the antennae are inserted. 

^ There are unfortunately a few exceptions in the case of this character. 
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7. The first joint of the posterior tarsi destitute of a free 

sole-lohe. Tribe 9. Locustides. 

7'. The first joint of the posterior tarsi furnished with a 

free sole-lobe. Tribe 10. Decticides. 

.3'. Antennae more distant from the summit of the occiput than from 

the labrum, inserted either beneath the eyes or on their inferior 

border. Tegmina and wings greatly abbreviate, scale-like ; W'hen 

tegmina are present they are furnished in each sex with a 

tympanum. 

4. Third joint of the posterior tarsi shorter than the second. Both 

anterior and posterior tibiae furnished on each side with a 

spine. Tribe 11. Callimenides. 

4'. Third joint of posterior tarsi longer than the second joint. 

Anterior tibiae wuth no apical spine on the inner side, and 

posterior tibiae with no apical spine on the outer side. 

5. Antennae inserted at the edge of the eyes. Pronotum 

unarmed. Tegmina present in each sex. Anterior tibiae 

furnished on the outer side with an apical spine. Posterior 

tibiae furnished beneath with four apical spines. Tribe 

12. Ephippigerides. 

5'. Antennae inserted distinctly below the eyes. Pronotum 

spinous. Elytra in the females wanting. Anterior tibiae 

without apical spine, on either side. Posterior tiliiae 

beneath with two apical spines or with none. Tribe 13. 

Hetrodides. 

2'. Anterior tibiae without auditory cavities. Tegmina with no tym¬ 

panum. Tribe 14, Gryllacrides. (Fig. 201, Schizoclactylus 

monstrosus.) 

1'. Tarsi distinctly compressed (most of the species apterous.) Tribe 15. 

Stbnopelmatides. (Big. 202, Anostostoma australasiae; Fig. 197, 

Dolichopoda jialpata.) 



CHAPTER XIV 

OIITHOPTEKA CONTINUED-GItYLLIDAE, CKICKETS 

Fam. VIII. Gryllidae—Crickets. 

Antennae very slender, generally long and setaceous; hind legs 

long, saltatorial. Tegmina tvitli the outer gjortion deflexed 

on to the side of the body, and ivith the inner ‘part lying flat 

on the body. Tarsi usually three-jointed (parely tiro- or four- 

jointed). Female loith a long ovipiositor {except in Gryllotul- 

gndes). Apterous forms numerous. 

The Gryllidae are closely connected -svith the Locustidae, the 
niusical and auditory organs 

l)eing in l)oth similarly situate, 

and the female in both possess¬ 

ing, in most of the tribes, an 

elongate exserted ovipositor. 

The two families ditter in the 

numl)er of joints of the tarsi, 

in the form of the tegmina, 

and in the fact that in Gryl¬ 

lidae the j)ortion of the wing 

moditled for niusical purposes 

consists of a larger ])ortion 

of the organ — according to 

de Saussure, the discoidal as 

well as the anal area. 

The family would he a 

very natural one if we were 

to exclude from it the mole-crickets which have fossorial front 

legs and no ovipositor, and the Tridactylides, which also are 

Ficj. 204.—Ilonse-cricket, Oryllus [Acheta] 
domesticus, male. 
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destitute of ovipositor, and have short antennae, consisting of 

about ten joints. 

The head is generally very large; ocelli are present, though 

usually imperfect; the extremity of the liody hears a pair of 

remarkably long cerci. The hind tibiae are usually armed with 

’\'ery strong spines; the first joint of the hind tarsus is elongate, 

and terminates in two spines, between which the small second 

joint is often almost completely concealed; the feet are not pro¬ 

vided beneath with pads, luit only hear remote setae. 

The alar organs are difficult of comprehension, and different 

opinions prevail as to their morphology. The tegmina are 

extremely different to the hind wings, and never attain large 

dimensions, neither do they exhibit any leaf-like or ornamental 

structures. In the genns Fterojjlistus they are formed some¬ 

what like the elytra of Coleoptera, and close over the hack of 

the Insect in a fashion very 

like that fonnd in lieetles. 

According to Brunner the 

larger part of the tegmen 

—which, as we have said, 

reposes flat on the hack 

of the Insect — represents 

merely the anal area, and 

all the other parts must Ije 

sought in the smaller, de- 

tlexed portion of the wing- 

cover. De Saussure’s opinion, 

to a somewhat different 
effect, we have already mentioned. The tegmina of the male 

are extremely different from those of the female, so that it is a 

matter of mucli difficulty to decide what nervures correspond.^ 

The wing-covers of the male differ from those of the Locustidae, 

inasmuch as the pair are of similar formation, each liearing a 

stridulating file on its lower aspect. This file projects somewhat 

inwards, so that its position is marked on the outer aspect of the 

^ying-cover hy a depression. Usually the right tegmen overlaps 

the other, an arrangement contrary to that which prevails in 

other Orthoyitera. The wings are ample and delicate; they 

possess numerous nervures that are not much forked and have a 

' See Pungur, Tcrmcs. Fiizetek, 1877, 22-3. 

,■<3 

Fig. 205.—Tegmina (sinistral) of the honse-cricket. 
A, male, inner aspect ; B, female, outer 
aspect : a, inner margin ; b, outer margin ; 
c, uervure bearing stridulating tile. 
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simple, somewhat fan-like arrangement; the little transverse 

nervules exhil)it only sliglit variety. The.se wings are frequently 

rolled up at the apex, and project l)eyond the l)ody like an 

additional pair of cerei (Tig. 204). The abdomen is chiefly 

remarkable for the large development of the })leura, the stigmata 

])eing consequently very conspicuous. The cerci are not jointed, 

though they are flexible and, often, very long; they bear a 

variety of sen.se-organs (Tig. 67). The saltatorial powers of the 

crickets are frequently considerable. 

Graber has observed the post-embryonic development of the 

field-cricket, Gryllus camj)estris, though unfortunately not from 

the very commencement, so that we do not know whether there 

are five, six, or seven ecdyses; the number is probably either six 

or seven. The manner in which the alar organs are developed is 

similar to that we have described and figured in the Locustidae. 

In the earlier instars there is a slight prolongation of each side 

of the meso- and meta-notum, but about the middle of the 

development a considerable change occurs — the rudimentary 

organs then become free appendages and a.ssume a different 

position. 

The Gryllidae possess a pair of tympana on each front leg, 

but these organs contrast with those of the Locustidae in that 

tire pair on each leg usrrally differ from one another, the one on 

the outer or posterior aspect being larger than that on the inner 

or front face of the leg. 

The ears of the Gryllidae have not been so well investigated 

as those of the Locustidae, but are apparently of a much less 

perfect nature. No orifice for the admission of air other than 

that of the prothoracic stigma has been detected, except in 

Gryllotalpa. On the other hand, it is said ^ that in addition to 

the tibial organs another pair of tympana exists, and is seated 

on the second al)dominal .segment in a position analogous to that 

occupied by the ear on the first segment of Acridiidae. 

The musical powers of the crickets are remarkable, and are 

familiar to all in Europe, as the performance of the house-cricket 

gives a fair idea of them. Some of the Insects of the family are 

able to make a very piercing noise, the note of Brachytrypes 

meyace'pli'Cdus having been heard, it is said, at a distance of a 

mile from where it was being produced. The mode of produc- 

^ Bruiuier, Verh. xool.-hot. Gcs. Wien, xxiv. 1874, ji. 288. 
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tion is the same as iu the Lucustidae, rapiel vil)ratioii of the 

tegmina causing the edge of one of them to act on the file of the 

other. 

The mole-cricket, Gryllotalixi vulgaris—the Werre of the 

Germans, CourtilUre of the French — is placed with a few 

allies in a special group, Giyllotalpides, characterised I)}" the 

dilated front legs, which are admiral:il}' adapted for working 

underground. Like the mole, this Insect has a suhterraneaii 

existence. It travels in burrows of its own formation, and it also 

forms beneath the surface a habitation for its eggs and family. 

Its habits have been alluded to by Gilbert IVhite,^ wlio tells us 

that “ a gardener at a house where I was on a visit, happening 

to be mowing, on the 6th of May, by the side of a canal, his 

scythe struck too deep, pared off a large piece of turf, and laid 

open to view a curious scene of domestic economy: there were 

many caverns and winding passages leading to a kind of chanilier, 

neatly smoothed and rounded, and about the size of a moderate 

snuff-box. "Within this secret nursery were deposited near a 

hundred eggs of a dirty yellow colour, and enveloped in a tough 

skin, hut too lately excluded to contain any rudiments of young, 

])eing full of a viscous substance. The eggs lay l»ut shallow, and 

within the influence of the sun, 

just under a little heap of fresh 

moved mould like that which is 

raised by ants.” 

The front legs are remark- 

aide structures (Fig. 206), being 

beautifully adapted for hurrow- 

ina; ; the tiliiae and tarsi are 

arranged so as to act as shears 

when it may be necessary to 

sever a root. The shear - like 

action of the tarsus and tibia is 

very remarkable; the first and 

second joints of the former are 

furnished with hard processes, 
which, when the tarsus is moved, pass over the edges of the 

tihial teeth in such a way as to be more effective than a 

pair of shears. In conseipience ot its habit of cutting roots, 

' Xatural Historij of Sclbornc, lietter xc. 
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the inole-crickct causes some damage where it is alnmdaiit. It 

is now a rare Insect in England, and is almost confined to the 

sontliern comities, hut in the gardens of Central and Southern 

Europe it is very alaindant. Its Erench name courtiliere is 

su])]iosed to lie a corrnjition of the Latin curtiUa. Its fondness 

for the neiidiliourhood of water is well known. I)e Saussure 
O 

says that in order to secure specimens it is only neces.sary to 

throw water on the paths hetween the Hower-lieds of gardens 

and to cover the wetted places with pieces of hoard; in the 

mornino; some of these Insects are almost sure to he found under 

the lioards disporting themselves in the mud. The (Iryllotalpae 

swim admiral ily Iiy aid of their hroad front legs. 

Ears exist in the mole-cricket, and are situate on the front 

leg below the knee, as in other Cryllidae, although it seems strange 

that a leg so profoundly modified for digging and excavating 

as is that of the mole-cricket shoidd he provided with an ear. 

In Gryllotalpa the ear is concealed and ju’otected hy being 

placed in a deep slit or fold of tlie surface, and this depression 

is all that can he seen hy examination of the exterior (Fig. 20G, r). 

In the allied genus Scapteriscus the tympanal membrane is, how¬ 

ever, destitute of special protection, being completely exposed on 

the surface of the leg. 

Although the tegmina or upper wings in Gryltotalpct are of 

small size, yet the true wings are much more am])le; they are 

of delicate texture and traversed hy many nearly straight radii, 

so that they close up in the most complete manner, and form 

the two long delicate, flexible processes that in the state of re})o.se 

may he seen projecting not only beyond the tegmina, hut actiudly 

surpassing tlie extremity of the body hanging down behind it. 

and looking like a second pair of cerci. 

The mole-cricket is believed to be chiefly carnivorous in its 

diet, though, like many other Orthoptera, it can accommodate 

its appetite to parts of the vegetable as well as of the animal 

kingdom. The Insect is capable of emitting a sound consisting 

of a dull jarring note, somewhat like that of the goat-sucker. 

Eor this purpose the tegmina of the males are provided Avith an 

a,])[)aratus of the nature we liaAU already described, but which is 

very much smaller and less elaborate than it is in the true 

crickets. 

The alimentary canal and digestive system of Gryllotalpa 
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present peculiarities worthy of notice. Salivary glands and 

reservoirs are present; the oesophagus is elongate, and has on 

one side a peculiar large pouch (Fig. 207, c); beyond this is the 

gizzard, which is embraced hy two lobes of the stomach. This 

latter organ is, beyond the lobes, continued backwards as a 

neck, which subsequently becomes larger and rugose-plicate. On 

the neck ol the stomach there is a pair ol branching organs, 

which Dufour considered to 

1)6 peculiar to the mole- 

cricket, and compared to a 

spleen or pancreas. The single 

tube into wdiich the Mal¬ 

pighian tubules open is seated 

near the comniencemeut of 

the small intestine. These 

tubules are very line, and are 

about one hundred in num¬ 

ber. The arrangement by 

which the Malpighian tub¬ 

ules open into a common duct 

instead of into the intestine 

itself appears to be charac¬ 

teristic of the Gryllidae, but 

is said to occur also in. 

EpMppifiera, a genus of 

Locustidae. According to 

Leydig ^ and Schindler the 

IMalpighian tubules are of 

two kinds, differing in colour, 

and, according to Leydig, in 

contents 

structure. Near the. posterior 

extremity of the rectum 

there is a lol.uilated gland 

having a reservoir connected 

Avith it; tliis is the chief 

source of the foetid secretion the mole-cricket emits when seized. 

The nervous chain consists of three thoracic and four abdominal 

ganglia ; these latter do not extend to the extremity of the body; 

and histological —Alimentary canal and appendages of 
® tlie mole - cricket : a, head; b, salivary 

gland.s and receptacle ; c, lateral pouch ; d, 
stoniato-gastric nerves ; e, anterior lobes of 
stomach ; f, peculiar organ ; g, neck of 
stomach ; h, plicate ]>ortiou of same ; i, rec¬ 
tum ; k, lobulate gland ; I, extremity of body; 
711, Malpighian tubes. (After Dufour.) 

1 Muller’s Arch. 1859, p. 159. 
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tlie tliree anterior of the four ganglia are but .small, the terminal 

one heiii" much laru'er. 

The number of eggs deposited by a female mole-cricket is 

large, varying, it is .said, from 200 to 400. The mother watches 

over them carefully, and when they are hatched, which occurs in 

a jjeriod of from three to four weeks aftt r their deposition, .she 

supplies the young with food till their hr.st moult; after this 

occurs they disperse, and begin to form burrow.s for themselves. 

It has been said that the young are devoured l)y their parents, 

and some writers have gone so far as to say that 90 per cent of 

the progeny are thus disposed of. IM. Decaux, who has paid 

consideraljle attention to the economy of the mole-cricket,^ acquits 

the mother of such an offence, but admits that the male commits 

it. The number of eggs in one nest is .said to be about 300. 

The eml.)ryonic development of the mole-cricket has been 

studied by Dohrn ^ and Korotneff,^ and is con.sidered by the 

former to be of great intereist. The 

tracheae connected with each stigma 

remain isolated, while, according to 

Ivorotneff, the development of the 

alimentary canal is not completed 

when the young mole - cricket is 

hatched. Perhaps it may 1 )e this con¬ 

dition of the digestive organs that 

necessitates the unusual care the 

mother bestows on her young. 

The genus CyJindrodes (Fig. 208, 

C. koclii) comprises some cmious and 

rare Insects of elongate, slender form. 

They are natives of Australia, where 

the hi’st species known of the genus 

Fig. 208. — Cyiindrodes kochi. found ill IMelville Island by Maior 
AustnilLa. A, outline of the , in.' i 
Insect ■with five of the legs iimi 1 aiiipbell, Tl'Om wlioiii we leai’ii that 
the extMiiity ot tlie body niuti- these Iiisects luirrow ill the stems of 
late<l ; B, midale leg. (Alter 
de Saussure.) phiiits, uiid are SO destructive that he 

was unable to keep a single plant in 

bis gn^enhouse on account of the ravages of Cyiindrodes 

camphcUii. 'Ihe torm of these Insects is beautifully adapted to 

’ Bull. Soc. rut. France, 1893, p. ccc.xH. 
'■* Zcilschr. u-iss. Zool. .\xiii. 1876, ji. 122. » gyo 
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their habits, the body being contracted in the middle in snch a 

way as to permit the middle and hind legs to he packed against 

it, so that the cylindrical form is not interfered with by these 

appendages while the excavating anterior legs are at work in 

front of the Insect. The abdomen has nine segments; the 

terminal one, said to he remarkably long and destitute of cerci, 

is not shown in our figure. 

The genns Tridactylus is considei’ed by de Saussure to form, 

with its ally Rhipipteryx, a division of Gryllotalpinae, but they 

are treated, perhaps more 

correctly, by Brunner as a 

separate trilje. T. xarie- 

gatus (Fig. 209) is a small 

Insect, abundant in sandy 

places oil the banks of 

rivers in Southern Europe, 

—extending on the PJione 

as far north as Geneva,— 

and is remarkable for its 

great power of leaping, and 

for the rapidity with which 

it can burrow in the sand. 

This anomalous Insect has 

only ten joints to the an¬ 

tennae. Its alai organs Fig. 209.—Tridactylus variegatiis,Yva.Tic<t. 

are imperfect, and not like 

those of other Gryllidae in either form or neiiration. The hind 

legs are of peculiar structure, the tibiae terminating in two pro¬ 

cesses between which is situate a rudimentary tarsus. Near the 

extremity of the tibia there are some plates, forming two series, 

that can be adpressed to the tibia, or extended as shown in our 

figure. The body is terminated by four rather short, ^eij 

mobile processes; the upper pair of these are each two-jointed, 

and are thought by de Saussure and Haase ^ to be cerci; the 

inferior pair, being articulated processes of the anal segment, 

their presence in addition to cerci is remarkable. It is difficult 

to distinguish the sexes ol this Insect. 

The exotic genus RhvpipteTyx is allied to Tridactylus. It is 

widely distributed in South America, but the little Insects that 

1 Morph. Jahri. xv. 1889, p. 400. 

VOL. V Z 
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compose it are rare in collections, their saltatorial powers no 

doubt making it difficult to catch them ; little is known as to 

their habits. In the nndescribed Ama¬ 

zonian species we figure (Fig. 210), the 

wings, instead of being mere rudiments, 

as in Triclactyhis, are elongate and project 

bejnjnd the body; they are of a blue- 

black colour, and arranged so as to look 

as if they were the abdomen of the Insect; 

they, moreover, have a transverse pallid 

mark, giving rise to an appearance of 

division. It is difficult to form any 

surmise as to the nature of so curious a 

modification of the wing.s. 

The Tridactylides have no tympana on 

the legs, and their affinity with the Gryl- 

Dufour thought T. variegatus to be more 

allied to the Acridiidae. He based this opinion chiefly on some 

points of the internal anatomy, but pointed out that Tridactylus 

differs from the Acridiidae in having no air - sacs in the 

Fig. 210.—Rhipipteryx sj)., 
Amazon valle}'. 

lidae is very doubtful. 

body. 

Not many of the Gryllidae are so peculiar as the forms we 

have mentioned. The family consists in larger part of Insects 

more or less similar to the common cricket, though exhibiting 

a great variety of external form. The common cricket of our 

houses, Gryllus {Acheta') domesticus (Fig. 204), has a very wide 

distribution in the Old World, and is also found in North America. 

It is believed to have had its natural distribution extended by 

commerce, though really nothing is known as to its original 

habitat. The shrill chirping of this little Insect is frequently 

heard at night in houses, even in the most densely inhabited 

parts of great cities. Neither the female nor the young are 

musical, yet the chirping may be heard at all seasons of the year, 

as young and adults coexist independent of season. The pre¬ 

dilection of Gryllus domesticus for the habitations of man is A-ery 

curious. The Insect is occasionally found out of doors in tlie 

neighbourhood of dwelling-houses in hot weather, but it does not 

appear that this species leads anyAvhere a truly Avild life. It is 

fond of heat; though it rarely multiplies in dwelling-houses to 

any great extent, it is sometimes found in profusion in bake- 
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houses. Usually the wings in the cricket are elongate, and pro¬ 

ject backwards from under the tegmina like an additional pair 

of cerci; a variety, however, occurs in which these tails are 
absent, owing to abbreviation of the wings. 

There is no beauty in the appearance of any of the Gryllidae, 

though many of them are very bizarre in shape. Very few of 

them venture to leave the surface of the earth to climb on 

plants. The species of Oecayithus, however, do so, and may be 

lound sitting in flowers. They have a more Locustoid appearance 

Fig. 211.—Platyhlenmus lusi- 
tanicus, male. A. front of 
head; B, profile of Insect 
with most of the appendages 
removed. 

than other Gryllidae. One of the most curious forms of the 
family is PlatyUemvius, a genus of 

several species found in the Mediter¬ 

ranean region, the male of which has 

the head prolonged into a curious pro¬ 

cess (Fig. 211); this varies greatly in 

development in the males of the same 

species. It would seem that this organ 

is of a similar nature to the extra¬ 

ordinary structures we have figured in 

Locustidae (Fig. 189) and Mantidae 

(Fig. 13 6), though it appears impossible 

to treat the cephalic appendages of Platy- 

blemmus as ornamental objects; their 

import is at present quite obscure. 

A curious form of variation occurs 

in this family, and is called micropterism by de Saixssure; we 

have already mentioned its occurrence in the house-cricket. Tlie 

hind wings, which are usually ample, and frequently have their 

extremities rolled up and protruding like cerci, are sometimes 

much smaller in size, and not visible till the tegmina are ex¬ 

panded. De Saussure at one time supposed these micropterous 

individuals to be distinct species; it is now, however, known 

that intermediate examples can be found by examining a great 

many specimens. Some species are always micropterous. 

In Britain we have only four representatives of the Gryllidae, 

viz. the mole-cricket, the house-cricket, and two field-crickets, 

one of which, JS'emobvus sylvestris, is considerably smaller than 

the house-cricket, while the other, Grylhis campestris, the true 

field-cricket, is a larger Insect. Its habits have been described 

in Gilbert AVhite’s 88 th letter. in an interesting manner 
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This Insect, like so many others, is apparently becoming rare in 

this country. 

A single fossil from the Lias has been cle.scribe(i as belonging to 

the Clryllidae, liut in the Tertiary strata a variety of members of the 

family have Ijeen discovered Ijoth in Europe and North America. 

The classification of Gryllidae is due to de Saussure/ and is 

said l3y Brunner to be very natural. In the following synopsis of 

the tribes of crickets we give de Saussure’s arrangement, except that 

we follow Brunner in treating Tridactylides as a distinct tribe :— 

1. Antennae ten-jointed ; posterior tarsi aborted. Tribe 1. Tridactylides. 

(Fig. 209, Tridactylus variegatus; Fig. 210, Bhijnjyteryx sp.) 

1'. Antennae many jointed ; posterior tarsi normal. 

2. Tarsi compressed, the second joint minute. 

3. Anterior legs fossorial ; anterior tibiae at the apex with two to 

four divisions. Pronotuin elongate, ovate, rounded behind. 

Female without ovipositor. Tribe 2. Gryllotalpides. (Fig. 

206, front legs of Gryllotalpa; Fig. 208, Cylmdrodes hochi.) 

3'. Anterior legs formed for walking. Ovipositor of the female 

visible (either elongate or rudimentary). 

4. Posterior tibiae biseriately serrate. Tribe 3. iilYRiiECO- 

PHILIDES. 

4'. Posterior tibiae biseriately spinose. Ovipositor straight. 

5. Antennae short, tliickish, almost thread-like. Facial 

scutellum exserted between antennae. Posterior tibiae 
. , dilated. Gen. Myrmecopliila.'^ 

5'. Antennae elongate, setaceous. Facial scutellum trans¬ 

verse, visible below the antennae. Tibiae slender. 

6. Posterior tibiae armed with two strong spines, not 

, .serrate between the spines. Tribe 4. Gryllides. 

(Fig. 204, Gryllus domesticus; Fig. 211, Flaty- 

blemmus lusitamcus.) 

6'. Posterior tibiae slender, armed with slender spines, 

and serrate between them. Tribe. 5. Oecax- 

THIDES. 

2'. Second joint of the tarsi depressed, heart-shaped. 

3. Posterior tibiae not serrate, but biseriately spinose. 

4. dhe spines on each side three and mobile' apical spurs 

on the inner side only two in number. Ovipositor short, 

curved. Tribe 6. Trigonidiides. 

4'. The spines numerous, fixed. Ovipositor elongate, straight. 
Gen. Stenogryllus. 

3 . Posterior tibiae serrate and spinose on each side, the apical spurs, 

as usual, three on each side. Ovipositor straight or curved. 
Tribe 7. Eneopterides. 

' Mem. Soc. jdiys. Geneve, xxv. 1877, and Aioh Ccntr. Amer. Orihoptera, 1894, p. 198. 
“ The genus Myrmccophila, being exceptional in several respects, is treated separately. 



CHAPTER XV 

^^EUEOPTERA-MALLOPHAGA-EMBIIDAE 

Order III. Neuroptera. 

Imago loitli hiting mouth; loitli tivo 'pairs of toings, the anterior 

as v:ell as the posterior 77iembraoious, usually ivith extensive 

neuration, consisting of elongate nervures and either of 

short crQss-ne7'mdes forming imvierous cells or of a coni- 

flex minute 7tiesh-W07l\ (^Oyie division, Mallopliaga, con¬ 

sists entirely of wingless forms ; in Termitidae some of the 

individuals of each generation heco77ie winged, hut others 

do not: except in these cases admit loingless forms are few.) 

The metarnorpihosis differs in the several divisions. 

I- 

The Neuroptera form a heterogeneous, though comparatively 

small, Order of Insects, including termites, stone-flies, dragon¬ 

flies, may-flies, caddis-flies, lace-wings, scorpion-flies, ant-lions, etc. 

Bird-lice are also included in Neuroptera, though they have no 

trace of wings. 

V^e treat the Order as composed of eleven distinct families. 
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and, as a matter of conveiiieiice, arrange them in five 

divisions ;— 

1. Mallophaga.—Permanently wingless Insects, living on the bodies of birds 

or mammals. (Development very imperfectly known.) Earn. 1. 

Mallophaga. 
2. Pseudoneuroptera.—Insects with wings in adult life (in some cases wings 

are never acquired). The wings are developed in a visible manner 

outside the body. There is no definite pupa. Live entirely on land. 

Fam. 2. Embiidae ; 3. Termitidae ; 4. Psocidae. 

3. Neuroptera amphihiotica.—Wings developed as in division 2. Three ocelli 

usually exist. Life aquatic in the early stages. Fam. 5. Perlidae; 

6. Odonata ; 7. Ephemeridae. 

4. Neuroptera planipennia.—Wings developed internally; not visible in early 

stages, but becoming suddenly evident when the pupal form is 

assumed. Mandibles present in the adult Insect. Life in early 

stages aquatic or terrestrial. Fam. 8. Sialidae; 9. Panorpidae ; 10. 

Hemerobiidae. 

5. Trichoptera.—Development as in division 4. Mandibles absent in the adult 

Insect. Life aquatic in the early stages. Fam. 11. Phryganeidae. 

The families we hav'e enumerated in the preceding scheme are 

now generally adopted by entomologists. G-reat ditference of 

opinion exists, however, as to the groups of greater value than 

the family, and for a long time past various schemes have been 

in vogue. Though it is necessary to allude to the more important 

of these systems, we can do so only in the briefest manner. 

Some of the families of ISTeuropitera are similar in many points 

of structure and development to Insects of other Orders; thus 

Termitidae are somewhat allied to Blattidae, Perlidae to Phas- 

midae in Orthoptera, while the Phryganeidae or Trichoptera make a 

considerable approach to Lepidoptera. Some naturalists—among 

whom we may mention Burmeister and Grassi—unite our Aptera, 

Orthoptera, and most of oiir ISTeuroptera into a single Order 

called Orthoptera. Others treat our Neuroptera as consisting 

of eight or nine distinct Orders ; these, together with the names 

proposed for them, we have already alluded to in our chapter 

on classification, pp. 171-177. 

Erichson, impressed by the variety existing in Neuroptera, 

separated some of the groups into a sub-Order called Pseudo- 

neuroptera; this sub-Order comprised our Termitidae, Psocidae, 

Ephemeridae, and Libellulidae. This division is still adopted in 

several treatises; the Pseudoneuroptera are indeed by some 

naturalists retained as an Order distinct from both Orthoptera 
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and Neuroptera. Gerstaecker subsequently made use of a system 

somewhat different from that of Erichson, uniting the Perlidae, 

Ephemeridae, and Odonata into a group called Ortlioptera 

aynphihiotica, from which the Termitidae and Psocidae were 

excluded. The divisions we have here adopted differ hut little 

from those of Gerstaecker, though we have arranged them in a 

very diflerent manner. It is probable that not one-tenth part of 

the ISTeuroptera existing in the world have yet been examined by 

entomologists, and of those that are extant in collections, the 

life-histories and development are very imperfectly known. We 

have, therefore, not considered it wise to adopt a system that 

would involve great changes of nomenclature, while there can 

be little hope of its permanency. 

Fossils.—When considering the subject of fossil Insects we 

briefly alluded to the discussions that have occurred as to whether 

the fossils of the palaeozoic period should be referred to existing 

Orders. Since the pages we allude to were printed, M. Brong- 

niart’s very important work^ on the Insects of that epoch has 

appeared. He considers that these ancient fossils may be classi¬ 

fied with the existing Orders of Insects, though they cannot be 

placed in existing families; and he assigns the palaeozoic fossil 

Insects at present known, to the Orders ISTeuroptera and Orthop- 

tera, and to the honiopterous division of Heniiptera. The greater 

part of the species he looks on as ISTeuroptera, and places in 

six families—Megasecopterides, Protephemerides, Platypterides, 

Stenodictyopterides, Protodonates, and ProtopeiTides. Of these 

he considers the ancient Protephemerides, Protodonates, and 

ProtopeiTides as the precursors, which, we presume, we may inter¬ 

pret as the actual ancestors, of our existing Ephemeridae, Odopata, 

and Perlidae. 
Some of the fossils restored and described liy the French ento¬ 

mologist are of great interest. We shall notice the Prote¬ 

phemerides, Protodonates, and ProtopeiTides in connexion with 

the families to which they are specially allied, and shall now 

only allude to the quite extinct families of ISTeuroptera, the 

Megasecopterides, Platypterides, and Stenodictyopterides. 

It is a peculiarity of these ancient Insects that they were 

much larger creatures than the corresponding forms that now 

exist. This may be due, to some extent, to the fact that tiny, 

^ Inscctes fossiles des temps primaires, 1893, vol. i. and atlas. 
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fragile forms have not been preserved in the rocks, or have not 

attracted the attention of collectors ; but as some of the palaeozoic 

Insects were absolutely the largest known—surpassing consider¬ 

ably in size any Insects at present existing—it is probable that, 

even if small forms existed at the remote epoch we are alluding 

to, tlie average size of the individual was greater than it is at 

present. The Megasecopterides of the carboniferous epoch were 

Insects of large size, with long, narrow wings, a small prothorax, 

and large meso- and meta-thorax, these two segments being equal 

in size; the abdomen was elongate and moderately voluminous, 

and was terminated by a pair of very elongate, slender filaments 

like those of the may-flies. The family includes several genera 

and species found at Commentry. One of these forms, Cory- 

daloides scudderi, is of great interest, as it is believed by Brong- 

niart that the imago possessed tracheal gills situated on the 

sides of the abdomen, analogous with those that exist at present 

in the immature condition of certain Ephemeridae. They are of 

interest in connexion with the gills found at the present time in 

the images of Pteronarcys (see p. 401). Although these fossils 

are of such enormous antiquity, the tracheae can, M. Brongniart 

says, be still perceived in these processes. 

The Platypterides include also a considerable nmnber of 

Insects of large size, with four large equal wings, frequently 

spotted or variegate. Some of 

these Insects were provided 

with expansions or lobes on 

the sides of the prothorax 

(Fig. 213); these are looked 

on as analoo'ous to the ex- 
O 

pansions of meso- and meta¬ 

thorax, which are supposed by 

some writers to have Ijeeu 

the rudiments from which 

wings were developed. These 

prothoracic wing-rudiments, if 
such they he, are said to have a system of nervures similar to 

what we find iii true wings. The genus Litliomantis includes a 

Scotch lossil, and has already been mentioned by us on ]). 25 9. 

The tlnrd family of extinct carliouiferous Xeuroptera is the 

Stenodictyopterides, in which Brongniart places the Dictyoncura of 

Fio. 213.—Lithomaniis carbonaria. Car- 
lionif'ero\i.s strata of Commentry, France 
(After Brouguiart.) 
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Golclenberg, the Xorth American Haplojjlilebium, and several genera 

from Commentry. Some of them were very large Insects, with 

robust bodies, and possessed wing-like expansions on the prothorax, 

and lateral gill-like appendages on the sides of the abdomen. 

It is worthy of note that though so large a number of car¬ 

boniferous ISTeuroptera have now been discovered, no larvae or 

immature forms have been found. 

We now pass to the consideration of the divisions of IIei;rop- 

tera still living. 

Fam. I. Mallophaga—Bird-Lice or Biting Lice. 

Small Insects, wingless, with large head; thorax usucdly of two, 

rarely of one or three segments; 

■jyrothorax always distinct; hind 

body consisting of eight to ten 

segments, in addition to the pos¬ 

terior two thoracic segments which 

■usucdly are but little or not at 

(dl separated from it. The meta¬ 

morphosis is very slight. The 

crecdures live on the skins of birds 

or inammcds, finding nourishnient 

in the epjidermcd products. 

The whole of the Insects of this 

family live a parasitic, or rather epizoie, 

life. They all creep about those parts 

that are near to the skin, the feathers 

of birds or the hair of mammals; 

they rarely come quite to the surface, 

so that they are not detected on a 

superficial examination. It is curious 

that xxnder these circumstances they should exhibit so great a 

variety of form and of anatomical characters as they do. 

They are very depressed, that is, fiat. Insects, Avith a large 

head, which exhibits a great vmriety of shape ; frequently it is 

provided in front of the antennae with some peculiar tubercles 

called tralieculae, which in some cases are mobile. The antennae 

are never large, frequently very small; they consist of from three 

to five joints, and are ■sometimes concealed in a cavity on the 

Fig. '214. — Trinoton hmchim. 
Lives ou the coinniou duck 
and various species of A nas. 
(After Giebel.) 
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under side of the head. The eyes are very rudimentary, and 

consist of only a small numher of isolated facets placed behind 
the antennae ; sometimes 

they are completely absent. 

The mouth parts are situ¬ 

ated entirely on the under¬ 

surface of the head and in 

a cavity. The upper lip 

is frequently of remarkable 

form, as if it were a scrap¬ 

ing instrument (o/. Fig. 

Fig. 215.—Under-snrface of head of Lipmrus 215). The mandibles aie 
Iieterogrcqjhus. (After Grosse.) ol, Labruni ; sharply toothed and appar- 
md, mandible ; mx, maxilla ; ul. labium. ,, , ^ , 

ently act as cutting instru¬ 

ments. The maxillae have been described in the principal 

work on the family^ as possessing in some cases well-developed 

palpi. According to Grosse ^ this is erroneous ; the maxillae, he 

says, are always destitute of palpi, and are of peculiar form, being 

each merely a lobe of somewhat conical shape, furnished on one 

aspect with hooks or setae. The under lip is peculiar, and 

apparently of very different form in the two chief groups of 

Mallophaga. The 

large mentum hears, 

in Liotheides (Fig. 

216, B), on each side 

a four-jointed palpus, 

the pair of palps 

being very widely 

separated; the ligula 

is broad and undi¬ 

vided ; on each side 

there is a paraglossa 

hearing an oval pro¬ 

cess, and above this 

is a projection of the hypopharynx. In Philopterides (Fig. 216, 

A) the palpi are absent, and the parts of the lower lip are— 

with the exception of the paraglossae—l.)ut little differentiated. 

The lingua (hypo-pharynx) in Mallophaga is largely developed. 

Fig. 216. — Under lip of Xirmiis, A; and of Tetroph- 
tlwhnus chi/ensin, B. (After Gro.sse.) m, Mentum ; 
ij, ligula ; jd, palp ; juj, paraglossa ; hi/, lingua. 

' Giebel and Nitzsch, Insecta cpizoica, folio, 1874. 

^ Zeitschr. u'iss. Zool. xlii. 1885, p. 537. 
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and bears near the front a chitinoiis sclerite corresponding with 

another placed in the epipharynx. 

The prothorax in Mallophaga is a distinct division of the 

body even when the meso- and meta-thorax appear to be part of 

the abdomen. The mesothorax is frecpiently very small; it and 

the metathorax are sometimes intimately connected. In other 

cases {Laemohotlirium) the metathorax appears to differ from the 

following abdominal segment only by having the third pair of 

legs attached to it. In Trinoton (Fig. 214) the three thoracic 

segments are well developed and distinct. The abdominal 

segments visible, vary in number from eight to ten; there is 

sometimes a difference according to male having one 

segment 

sex, the 

taken into the interior in connexion with the repro¬ 

ductive organs. The legs have short, broad coxae and small 

tarsi of one or two joints; very rarely three joints are present; 

there are either one or two claws ; the legs with one claw being 

adapted for clinging to or clutching 

hairs. The front pair of legs is used 

not for locomotion so much as for 

grasping the food and bringing it 

within the rana-e of the mouth. No 
O 

trace of wings has been detected in 

any species. 

The nervous system has been 

examined by Giebel in Lipeurus 

bacillus; there is a supra- and an 

infra-oesophageal ganglion, and three 

thoracic, but no abdominal ganglia. 

The supra-oesophageal is remarkably 

small, in fact not larger than the 

infra - oesophageal; it consists evi¬ 

dently of two conjoined halves. The 

alimentary canal has a slender, elon¬ 

gate oesophagus, dilated behind into a 

crop ; this is frequently received be¬ 
tween tw'O cornua formed by the anterior part of the stomach, 

which, except for these, is simply tuhular in form, though some¬ 

what narrower at the posterior extremity. In some forms— 

Philopterides—the crop is of a very peculiar nature (Fig. 218), 

forming an abrupt paunch separated from the stomach by the 

Fig. 217.—Ganglia of nervous sys¬ 
tem of Lipeitrus bacillus. (After 
Giebel.) a, Cavity of head. 
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posterior portion of the oesophagus. There are only four Mal¬ 

pighian tubes; in some species the basal 

half of each tube is much dilated. The 

two divisions of the intestine are short 

and are separated by the intervention of a 

glandular girdle. Salivary glands exist; 

(riebel figures what we may con.sider to 

l.)e an enormous salivary reservoir as exist¬ 

ing in Menojjon leucostojnum. 

The testes and ovaries are of a simple 

nature. The former consist of two or 

three capsules, each having a terminal 

thread; the vasa deferentia are tortuous 

and of variable length; they lead into 

the anterior part of the ejacidatory duct, 

where also opens the elongate duct pro- 

„ ceeding from the hicapsrdar vesicula semi- 
Fig. 218.—Alimentary canal t ^ i 

of JJocophoriis f iLScicollis, HhIiS J tll6S6 StructlirCS llcLV6 06611 tlgUr6CL 

(After Giebei.) a, Oeso- p„ Grosse^ as Well as by G-iebel. The 
pliagus ; 0, panncn ; «, 
posterior division of oeso- ovaries coiisist of three to five short egg- 
pliagus ; c, chylitio ven- gp|g . ^pg oviductS 
tricle or stomacli; ct, Mai- ^ 
pighiau tubes; e.,, small combine to form a short common duct 

girdie^^V rectum™'^^'^'^^'^ with wliich there is connected a recepta- 

culum seminis. 

The eggs of some Mallophaga have been figured by Melnikow ; - 

they possess at one extremity a cover with a multiple micropyle- 

apparatus, and at the opposite pole are provided with seta-like 

appendages. They are very like the eggs of the true lice, and are 

said in some cases to be suspended by threads to the hairs or 

feathers after the fashion of the egirs of Pedicidi. 
OO 

Little is known as to the development; the young are ex¬ 

tremely like the adult, and are thought to moult frequently ; the 

duration of life is quite unknown. 

It has been stated liy some writers that the mouth is truly of 

the sucking kind, and that the Mallophaga feed on the blood of 

their hosts. This is, however, erroneous; they eat the delicate 

portions of the feathers of birds, and of mammals perhaps the 

young hair. Their fertility is Imt small, and it is believed that 

^ Zcitschr. viss. ^ooJ. xlii. 18S5, pi. xviii. f. 1.5. 

' Arch. f. Xaiurff. xxxv. i. 1869, p. 1.54, pis. x. xi. 
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in a state of nature they are very rarely an annoyance to their 

hosts. Tlie majority of the known species live on birds; the 

forms that frequent mammals are less Avxried and have been less 

studied ; most of them have only one claw to the feet (Fig. 220), 

while the greater portion of the avicolous species have two 
claws. 

Fig. 220.—Trichodedes latus, male ; 
inliabits the dog, Canis famiii- 
aris. 

Fig. 219.—Lipeurits ternatus, male ; 
inhabits So-rcorlw.mplius papa. 
(After Giebel.) 

i\Iost of the forms have the anterior legs small, and they are 

usually drawn towards the mouth, owing, it is believed, to their 

being used after the manner of hands to bring the food to the 

mouth; hence in some of our figures (219, 220) the body looks 

as if it had only four legs. 

Very diverse statements have been made as to whether allied 

forms of Mallophaga are found only on allied birds. It would 

appear that this is the case only to a limited extent, as certain 

species are found on quite a variety of birds; moreover, some 

birds harbour several species of bird-lice, even five genera having- 

been found, it is said, on one species of liird. Doco2)horu& 

icterodes has been recorded as occurring on many kinds of ducks 

and geese; the swan, however, harbours a distinct species, Doco- 

jyhorus cygm, and this is said to have also been found on the 

bean-goose. 

At least five species, belonging to three distinct genera, have 
been found on the common fowl. The parasite most frequently 

met witli on this A^aluahle creature is Mtno'pon gicdUdtini (Fig. 
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221), wliieli is said to have been 'figured by Kedi two hun¬ 

dred years ago under the name of Pulex 

ca'in. This species multiplies to a con- 

sideralde extent ; it is of very active 

liahits, and passes readily from one bird 

to another, so that it is found on other 

species besides the domestic fowl. It is 

even said that horses kept near hen¬ 

roosts have been seriously troubled by 

Meno-pon pallidum, but it is suggested 

by Osborn tliat these attacks may per¬ 

haps have been really due to itch-mites. 

sickly, to an enormous extent. The dust- 

baths in which poultry are so fond of indulging are considered 

to be of great use in keeping down the numbers of this Insect. 

A table of the birds and mammals on which Mallophaga 

have been found, together with the names of the latter, has been 

given by Giebel.^ The classification of the group, so far as the 

principal divisions are concerned, by no means accords with the 

kind of animals that serve as hosts, for the only two genera 

peculiar to quadrupeds {Trichodectes, Fig. 220; and Gyropnis) 

belong to the two chief divisions of Mallophaga. The genus 

Mmopon includes numerous species found on birds, and three or 

four others peculiar to mammals. 

Two very natiiral divisions, Philopterides and Liotheides, were 

adopted by Giebel and Nitzsch, but unfortunately the chief 

character they made use of for diagnosing the two groups—the 

presence or absence of maxillary palpi—was illusory. Apparently 

the labial palps will serve the purpose of distinguishing the 

two divisions, they being present in the Liotheides and absent in 

the Philopterides. A table of the characters of the avicolous 

genera of these two groups is given by Grosse." 

The Liotheides are more active Insects, and leave their host 

after its death to seek another. But the ITrilopterides do not 

do so, and die in about three days after the death of their host. 

Possibly Mallophaga may be transferred from one bird to another 

^ Op. cit. pp. vii.-xiv. For classification, etc., see also Piaget, Lcs Pediculincs. 

Leyden, 1880. - Zcitschr. iciss. Zool. xlii. 1885, p. 532. 
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by means of the parasitic two-winged Hies that infest birds. 

The writer has recorded ^ a case in which a specimen of one of 

these hiid-flies captured on the wing was tound to have some 
Mallophaga attached to it. 

AVe should perhaps point out that these Mallophaga, though 

called bird-lice, have nothing to do with the true lice which are 

so fiequently found with them, and that live by sucking the 

blood of their hosts. It would in fact be better to drop the 

name of bird-lice altogether, and call the Mallophaga biting lice. 

T) icliodectcs lutus, according to this method, would be known as 

the biting louse of the dog, the true or sucking louse of which 

animal is Haematopinus inliferus, and belongs to the anoplurous 
division of Hemiptera. 

Fam. II. Embiidae. 

Elongate fcehJe Insects ; with small p)Totliorax, elongate meso- and 

meta - thorax, which 

mag either hear wings 

or he luithout them. 

In the former case 

these organs are not 

caducous, are deli¬ 

cately rnemhranous, 

and all of one consist¬ 

ence, W'ith three or 

four indefinite longi¬ 

tudinal nervures and 

a few cross-veinlets. 

The development is 

incompletely hnown. The individucds do not form organised 

societies. 

Fig. 222.— OUgotoma raichaeli. 
M ‘Laclilau.) 

(After 

The Embiidae are one of the smallest families of Insects; 

not more than twenty species are known from all parts of the 

world, and it is probable that only a few hundred actually exist. 

They are small and feeble Insects of unattractive appearance, 

and shrivel so much after death as to render it difficult to 

ascertain their characters. They require a warm climate. Hence 

' P. ent. Soc. London, 1890, p. xxx. 
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it is nut a matter for surprise that little should Ije known about 

them. 

The simple antennae are formed of numerous joints, probably 

varying in nunil)er from about fifteen to twenty-foiu-. The mouth 

is mandiljulate. Chatin states ^ that the pieces homologous with 

those of a maxilla can be detected in the 

inaudible of Emhia. The laljium is divided. 

The legs are inserted at the sides of the 

l)ody, the coxae are widely separated (Fig. 

223), the hind pair being, however, more 

approximate than the others. The alxlo- 

men is simple and cylindrical, consisting of 

ten segments, the last of which l.»ears a pair 

of biarticulate cerci. In the male sex there 

is a slight asymmetry of these cerci and 

of the terminal segment. Tlie thorax is 

remarkable on account of the equal develop¬ 

ment of the meso- and meta-thorax and 

their elongation in comparison to the pro¬ 

thorax. "When they bear wings there is no 

modification or combination of the segments 
Fio. 223.—Under-surface for the purposes of flight, the condition of 
of Embia sp. Andalusia. r . ^ 

these parts being, even then, that of wing¬ 

less Insects; so that the Embiidae that have wings may lie 
described as apterous- 

like Insects provided 

with two pairs of in¬ 

efficient wings. The 

wings are inserted on 

a small space at the 

front part of each of 

•the segments to which 

they are attached. 

The legs have three- 

jointed tarsi, and are 

destitute of a terminal 

appendage between 

the claws. 

Fig. 224.—Anterior wing of OUr/otoma saiindersii: A, the 
wing ; B, outline of the wing, showing nervures. 
(Alter \\ 00(1 - Mason.) 1, Co.stal ; 2, suboo.stal ; 3, 
radial ; 4, diseoidal ; 5, anal uervure. 

The wings in Emliiidae are very peculiar; they are extremely 

' Bull. Soc. Philom. (7) ix. j'- 33. 
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flimsy, and the nervures are ill-developed; stripes of a darker 

brownish colour alternate with pallid spaces. We figure the an¬ 

terior wing of Oligotoma saunclersii, after Wood-Mason ; hut should 

remark that the neuration is really less definite than is shown 

in these figures; the lower one represents Wood-Mason’s inter¬ 

pretation of the nervures. He considers ^ that the brown bands 

“ mark the original courses of veins which have long since dis¬ 

appeared.” A similar view is taken by Eedtenhacher," hut at 

present it rests on no positive evidence. 

One of the most curious features of the external structure 

is the complex condition of the thoracic sternal sclerites. These 

are shown in Fig. 223, representing the under-surface of an 

Evibia of uncertain species recently brought by Mr. Bateson 

from Andalusia. 

According to G-rassi ^ there are ten pairs of stigmata, two 

thoracic and eight abdominal; these are connected by longi¬ 

tudinal and transverse tracheae into a single system. The 

ganglia of the ventral chain are, one suboesophageal, three thor¬ 

acic, and seven abdominal; these are segmentally placed, except 

that there is no ganglion in the fifth abdominal segment. There 

is a stomato-gastric system but no “sympathetic,” Salivary 

glands are present. The stomodaeal portions of the alimentary 

canal are remarkably capacious; the stomach is elongate and 

slender, without diverticula; the Malpighian tubes are elongate 

and slender; they vary in number with the age of the individual, 

attaining that of twenty in the adult. The ovaries are arranged 

somewhat after the fashion of those of Jarpyx, there being in 

each five short egg-tubes, opening at equal intervals into a 

straight duct. The testes are remarkably large; each one con¬ 

sists of five masses of lobules, and has a large vesicula seminalis, 

into the posterior part of which there open the duets of two 

accessory glands. The large joint of the front tarsus includes 

glands whose secretion escapes by orifices at the tips of certain 

setae interspersed between the short spines that are placed on 

the sole. 
Species of this genus occur in the Mediterranean region, Imt 

their characters have not yet been examined. Our information 

2 A VOL. V 

^ P. Zool. Soc. London, 1883, p. 628. 

- Ann. Hofmns. Wien, i. 1886, 2'- 171. 

® Atti Ace. Gioenia, vii. 1893. 
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as to these is ehielly to he found in (irassi’s work. The two 

species studied hj him were wingless. They live under stones, 

where they spin wehs hy means of the front feet, who.se first 

joint is, as we have said, enlarged and contains glands; the 

Insect uses the welis as a means of su])port in progression, acting- 

on them hy means of papillae and a comb-like structure placed 

on the four posterior feet. 

(Irassi informs us that tliese Insects are not uncommon under 

stones in Catania; they repnire moisture as well as warmth, luit 

not too much; sometimes there is only one individual found 

under a stone, at others eight or ten. In the winter and .spring 

their galleries are found on tlie surface of the earth, ljut in 

the hot months of summer they secure the requisite amount 

of moisture hy sinking their galleries to the depth of ten or 

fifteen centimetres. Their food consists chiefiy of vegetable 

matter. They may 1)6 reared with ease in glass vessels. Other 

species of the family attain wings; the details of the process are 

not well known. Oligotoina viichaeli (Fig. 222) was discovered 

in a hothouse in London among some orcliid roots brought from 

India, and was found in more than one stage of development; 

the young greatly resemlde the adult, except in the absence of 

wings. A nymph-form is described by i\PLachlan ^ as possess- 

iim wino;s of intermediate length, and Hagen has suggested that 

this supposed nymph is really an adult female with short wings. 

If this latter view be correct, nothing is known as to the mode 

of development of wings in the family. It is still uncertain 

whether female Enil)iidae ever possess wings. "Wood-Mason and 

Grass! have shown that there are wingless females in some species, 

and we know that there are winged males in others, l)ut what the 

usual relation of the sexes may be in this respect is quite uncer¬ 

tain. These Insects have been detected in various ])arts of the 

world. In the Sandwich Islands Oligutoina insular is was dis¬ 

covered l)y the Lev. T. Blackburn in the wood and thatch form¬ 

ing the roofs of natives’ house.s. A .species lias been found in 

Prussian amber, and Grass! thinks that IJmhia solieri—one of 

the IMeditm-ranean species—is not to lie distinguished with cer¬ 

tainty from the Insect found in amber. 

Eml)iidae still remains one of the most enigmatic of the 

families of Insects. Although Grassi’s recent observations are 

' J. Linn. Sor. Zool. xni. 1878, ]il. xxi. 1. 2. 
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of great value from an anatomical point of view, they rather add 

to, than diminish, the difhculties we encounter in endeavouring 

to understand the lives of these obscure creatures. That 

Embiidae form webs has long been known, and it was thought 

by some that the wel)S, like those of spiders, might he of assist¬ 

ance in procuring food. AVe may, however, infer from Grassi’s 

observations that this is mit the case, hut that the silken tunnels 

or galleries—as he calls them—serve chietiy as a means of 

locomotion and protection, the feet of the Insects being highly 

modified in conformity with this mode of life. Grassi seems 

to he of opiinion that the galleries are also useful in preserving 

a proper degree of humidity round the Insects. AA^e have 

already alluded to the mystery that ■ surrounds the mode of 

growth of their wings. Nearly all that is known as to the 

Embiidae is contained in Grassi’s paper, or is referred to in 

Hagen’s monograph of the family.^ 

Cousideral )le difference of opinion has prevailed as to the 

allies of these obscure Insects. It would seem that they 

are most nearly allied to Termitidae and I’socidae. Grassi, 

however, considers these ahinitiss only remote, and suggests that 

Embiidae should form a separate Order, to he placed in a super- 

Order Orthoptera, which would include our Aptera, the two 

families mentioned above, Alallophaga, Emljiidae, and the ordi¬ 

nary Orthoptera. Brauer places the family in his Orthoptera 

genuina. 

' Canadian Entomologist, xvii, 1885, throughout. 



CHAPTER XVI 

NEUROPTERA COXTISTEl)-TERMIl'IDAE, TERMITES OR 'WHITE AMTS 

Fam. III. Termitidae—White Ants, Termites. 

Each species is social, and consists of vrinrjed, and vnngless inch- 

viducds. The four vnngs are, in repose, laid fiat on the 

hach, so that the upper one only is seen except just at the 

bases; they are menibranuus and rery elongate, so that they 

Fig. 225.—Termes {Ilodotennes) mossamhicus. Winged adult. (After Hagen.) 

extend far beyond the apex of the abdomen ; the hind pair 

is remarkably similar in size, form, and consistence to the 

front ]>air: near the base of each wing there is a. suture, 

or line of weakness, along vdiich the wings can he broken off, 

the stwmps in that ease remaining as short horny fiaps re¬ 

posing on the back. Ligula channelled but not divided into 

tv:o parts. The wingless individuals are very numerous, and 

have the head and thirteen body segments distinct; the body 
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is terminated hy a pair of short cerci. 'The metamorphosis 

is slight and gradual, and in some individuals is dispensed 

with. 

The term AVhite Ants has been so long in nse for the Termitidae 

that it appears almost hopeless to replace it in popular nse by 

another word. It has, however, always given rise to a great 

deal of confusion by leading people to suppose that white ants 

differ chiefly from ordinary ants by their colour. This is a most 

erroneous idea. There are scarcely any two divisions of Insects 

more different than the white ants and the ordinary ants. The 

two groups have little in common except that both have a social 

life, and that a very interesting analogy exists between the forms 

of the workers and soldiers of these two dissimilar Orders of 

Insects, R’ivincf rise to numerous analogies of habits. The word 

Termites—pronounced as two syllables—is a less objectionable 

name for these Insects than white ants. 

The integument in Termites is delicate, and the chitinous 

plates are never very hard ; frequently they are so slightly 

developed that the creature appears to consist of a single mem- 

Itranous sac with creases in it, the head alone being very distinct. 

The head is exserted, frequently of large 

size, sometimes as large as all the rest 

of the body together. Termites may 

be cpiite blind, or possess facetted and 

simple eyes, the latter when present 

l:)eing two in numlier and always accom¬ 

panied I)y facetted eyes. The antennae 

are simple, consisting of from nine to 

thirty - one joints, which differ but 

little from one another; the nunil )er in 

each individual increases as the development progresses. The 

parts of the month are large, the ligula consists ot one piece 

(Fig. 226, A), but often has the appearance of being formed I)y 

two united pieces; on its extremity are seated two pairs of 

lobes. 
The head is articulated to the thorax by means of two very 

large cervical sclerites on each side, placed at right angles to one 

another, and visible on the under-surface. The prothorax is 

well developed and distinct from the parts behind it. The pro- 

LaVnuni, A. maxilla, B, of 
winged adult ; lower face of 
each. (After Hagen.) 
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notuin, of Yarial.)le form and size, is very distinct in the perfect 

Insects ; with it are connected the largely developed pleura. The 

epistennun is very peculiar, consisting of an elongate chitinous 

slip on each side hanging downwards, the two not cpiite meeting 

in the middle; they thus form the margin of the very large 

anterior orifice, and are in contiguity with the cervical sclerites ; 

behind them are the very large epimera. The prosternum 

appears to ])e usually entirely meinhranous; in some cases the 

sclerite in it is small and delicate, and apparently differs accord¬ 

ing to the species. The meso- and nieta-tliorax are suh-ecpial 

in size; the mesosternuni forms a peculiar, large, adpressed fold. 

The metasternum is membranous, hut is terminated behind by 

a sclerite apparently of variable form. The hind body is volumi¬ 

nous, simple in form, consisting of ten segments and bearing at 

the extremity two short distant cerci of a varialde number of 

joints. The terminal ventral sclerites differ greatly in form 

according to the species and sometimes according to the sex; 

there are sometimes, if not always, present near the extremity 

two peculiar minute biarticulate styles, called appendices anales. 

The coxae are all large, free, and exserted; at the base of each 

is a transverse trochantin. The femora are articulated with 

the trochanters, not with the coxae; both femora and tibiae 

are slender, the tarsi small, four - jointed ; the terminal joint 

elongate. 

It is now well established that Termites have a means of 

communication by sounds. The individuals have a peculiar way 

of jerking themselves, as has 

been frequently noticed by ol.)- 

servers of the Insects ; these con¬ 

vulsive movements may possildy 

1)6 connected with the production 

of sound, which may perhaps be 

evoked by contact between the 

l)ack of the head and the pro- 

notuni; the exact mode l)y which the sounds are produced is not, 

however, known. The existence of an auditory organ in the 

front tibia has l»een demonstrated l)y Fritz Muller,’- and we 

reproduce (Fig. 227) one of his figures. The structure seems to 

Fiq. 227. — Front tibia and tarsus of 
CaJotermes riigosus larva, .showing 
auditory organ. x 90. (After F. 
Muller.) 

' Je7M. Zcifschr. Naturiv. i.x. 1875, pi. xii. See also Stokes in Science, xxii. 

1893, p. 273. 
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not like those of any other 
simple, but nevertheless the 

be in plan and position similar to the ear of Locustidae 
though much less perfect. 

The wings of Termitidae are 
Insects; their neuration is very 
wings of the different 
forms exhibit great differ¬ 
ences in the extent to 
which they are made up 
of the various fields. This 
is shown in Fig. 228, *■ 
where the homologous 
nervures are numbered 
according to the systems 
of both Hagen and Eed- 
tenhacher. The area, YII, 
that forms the larger part 
of the wing in C, corre¬ 
sponds to the small portion 

w 

at the base of the wing 

Fig. 228.—Wings of Termites ; A, Termes lucifugus; 
B, Hodotermes hrunneicornis; C, Oalotermes 
nodulosus. (After Redtenbaclier ; B and C 
diagrammatic.) Ill, V, VII, homologous areas 
and nervures according to Redtenbaclier. 1, 
Costal ; 2, subcostal ; 3, median ; 4, submedian 
nervures according to Hagen. 

in B. The most re¬ 
markable feature of the 
wing is, however, its division into two parts by a suture or line 
of weakness near the base, as shown in Fig. 225. The wings 
are used only for a single flight, and are then shed by detach¬ 
ment at this suture; the small basal portion of each of the four 
wings is horny and remains attached to the Insect, serving as 
a protection to the dorsal surface of the thorax. 

The nature of the suture that enables the Termites to cast 
their wings with such ease after swarming is not yet understood. 
There are no true transverse veinlets or nervules in Termites. 
Eedtenhacher suggests ^ that the transverse division of the wing 
at its base, as shown in Fig. 225, along which the separation of 
the wing occurs at its falling off, may have arisen from a coales¬ 
cence of the subcostal vein with the eighth concave vein of such 
a wdng as that of Blattidae. The same authority also informs us 
that the only point of resemblance between the wings of Termi¬ 
tidae and those of Psocidae is that both have an unusually small 
number of concave veins. 

The information that exists as to the internal anatomy of 

^ Ann. Hofmus. Jf'ieri, i. 1886, ji. 183. 



36o NEUROPTERA CHAP. 

Termites is imperfect, and refers, moreover, to different species; 

it would appear that considerable diversity exists in many 

respects, hut on this point it woidd he premature to generalise. 

AVhat we know as to the respiratory system is chiefly due to 

F. Miiller.^ The numlier of spiracles is ten; Hagen says three 

thoracic and seven abdominal, Miiller two thoracic and eight 

abdominal. In fertile (pieens there usually exist only six 

alalominal stigmata. There is good reason for supposing that 

tlie respiratory system undergoes much change correlative with 

the development of the individual; it has been suggested that 

the supply of tracheae to the sexual organs is deficient where 

there is arrest of development of the latter. 

The alimentary canal is only of moderate length. Salivary 

glands exist, as also do .salivary reservoirs; these latter are large, 

in some species remarkably so. The 

oesophagus is slender, but aljruptly 

enlarged behind to form a large crop; 

a proventriculus is apparently either 

present or ajjsent; the chyliflc ventricle, 

or stomach, is slender and simple. The 

Malpighian tubules are very long; their 

number is probably from four to eight 

in the adult, and in the earlier stages 

less. Behind the tubes the alimentary 

canal forms a large paunch, and after 

this there is a small intestine and 

rectum. The paunch is a peculiar 

structure, and probably of great import¬ 

ance in the economy of Termite.s. 

These creatures emit minute quanti- 

Ftg. 229.—H6ad iiiid alini6iitary cd a sccietioii that IS corrosi^ e, and 
caii.ai of Termes hwifugus can act Oil metal and even o-lass ; ^ its 
(uyinpli). a, liead ; h, salivary .. o j 
glands; c, salivar}'receptacles ; ^l<ttur6 UUtl S0UrC6 JirO liot UlulGrstoOcl. 

crop ; e, stoiiiacli;iiites- Jfageii describes peculiar structures in 

large intestine; i, Malpighian the rectuin to wliicli he is inclined ® 

(Alter Duibuirr''''*^ iisci'ilie the origin of this substance, 
but this is very uncertain. 

llie brain is small; the inlra-oesophageal ganglion is placed 

' Jena. Zcitschr. Xaturxv. i.x. 1875, p. 257. 

^ Riilie, iiwVrtOov, x.xvi. 1882, p. 549. ^ Linnaca Entomologica, xii. 1858, p. 305. 
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immediately under the supra-oesophageal; there are three thoracic 

and six abdominal ganglia. The nervons system apparently 

differs but little in the various forms, or in the different stages 

of life, except that in the fertile females the abdominal ganglia 

become so much enlarged that they even exceed the brain in size. 

The testes are unusually simple ; each consists of eight capsules 

opening into the vas deferens; the two vasa converge and are 

continued as a short ejaculatory duct; at the point of convergence 

there is a pair of curled vesiculae seminales. 

The ovarian system is also simple ; there is a variable number 

of elongate egg-tubes, each of which opens separately into the 

oviduct; the two ducts unite to form a short uterus, on which 

there is placed first a sperniatheca, and near the extremity a 

convolute tubular sebific gland. The number of egg-tubes is 

subject to extraordinary variation, according to the species, and 

according to the age of the fertilised individual. 

Social Life. — Termites live in communities that consist 

sometimes of enormous numbers of individuals. The adult forms 

found in a community are (1) workers; (2) soldiers; (3) winged 

males and females; (4) some of these winged forms that have 

lost their wings. Some species have no worker caste. The 

individuals of the third category are only present for a 

few days and then leave the nest in swarms. In addition 

to the adult individuals there are also present various 

forms of young. The individuals that have lost their wings 

are usually limited to a single pair, king and queen; 

there may be more than one king and queen, but this is not 

usual. The king and queen may be recognised by the stumps 

of their cast wings, which exist in the form of small triangular 

pieces folded on the back of the thorax (Fig. 235). The con¬ 

tinuance of the community is effected entirely by the royal pair; 

they are the centres of activity of tlie community, which is thrown 

into disorder when anything happens to them. Usually the pair 

are physically incapable of leaving the nest, especially the queen, 

and frequently they are enclosed in a cell which they cannot leave. 

In consequence of the disorganisation that arises in the com¬ 

munity in the absence of a royal pair. Termites keep certain 

individuals in such a state of advancement that they can rapidly 

be developed into royalties should occasion require it. These 

reserve individuals are called complementary by Grass!; when 
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they become royalties they are usually immatTire as regards 

the coiiditiou of the auteri(jr parts of the hotly, and are then 

called by Grassi and others ueoteinie, as is more fully explained 

on p. 380. 

Swarms. — As a result of the Termite economy large 

numlters of superfluous individuals are frequently produced; 

these, in the winged state, leave the community, forming swarms 

which are sometimes of enormous extent, and are eagerly preyed 

on l)y a variety of animals including even man. Hagen has 

given particulars ^ of a swarm of T. Jiavipes in Massachusetts, 

where the Insects formed a dark cloud; they were accompanied 

by no less than fifteen species of birds, some of which so gorged 

themselves that they could not close their beaks. 

There is hut little metamorphosis in Termitidae. Young 

Termites are very soft; they have a thin skin, a dispropor¬ 

tionately large head, and are of a peculiar white colour as if 

filled with milk. This condition of milkiness they retain, not¬ 

withstanding the changes of form that may occur during their 

growth, until they are adult. The wings first appear in the 

form of prolongations of the meso- and meta-nota, which increase 

in size, the increment probably taking place at the moults. The 

number of joints of the antennae increases during the develop¬ 

ment ; it is effected by growth of the third joint and subsequent 

division thereof; hence the joints immediateh' beyond the 

second are younger than the others, and are usually shorter and 

altogether more imperfect. The life-histories of Termites have 

been by no means completely followed; a fact we can well under¬ 

stand when we recollect that these creatures liA'e in communities 

concealed from observation, and that an isolated indhudual cannot 

thrive; besides this the growth is, for Insects, unus\ially slow. 

Natural History.—The ])rogress of knowledge as to Ter¬ 

mites has shown that profound differences exist in the economy 

of different species, so that no fair general idea of their lives can 

he gathered from one species. MY will therefore briefly sketch 

tlie economy, so far as it has been ascertained, in three species, 

viz. Calotcrmes JlavicolJis, Tennes lucifngus, and T. helHcosus. 

Calotcrmcs JiavicoUis inhaluts the neighltourhood of the 

IMediterranean Sea; it is a representative of a large series of 

species in which the peculiarities of Termite life are exhibited 

‘ r. Boston Soc. XX. 1878, p. 118. 
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in a comparatively simple manner. There is no special caste of 

workers, conseqnently such work as is done is carried on by the 

other members of the community, viz. soldiers, and the young 

and adolescent. The habits of this species have recently been 

studied in detail in Sicily by Grass! and Sandias.^ The Insects 

dwell in the branches and stems of decaying or even dead trees, 

where they nourish themselves on those parts of the wood in 

which the process of decay is not far advanced; they live in the 

interior of the stems, so that frequently no sign of them can be 
seen outside, even though they may 

be heard at work by applying the 

ear to a branch. They form no 

special habitation, the interior of 

the branch being sufficient protec¬ 

tion, but they excavate or increase 

the natural cavities to suit their 

purposes. It is said that they 

line the galleries with proctodaeal 

cement; this is doubtful, but they 

form barricades and partitions 

where necessary, by cementing 

together the proctodaeal products 

with matter from the salivary 

glands or regurgitated from the 

anterior parts of the alimentary 

canal. The numbers of a com¬ 

munity only increase slowly and remain always small; rarely do 

they reach 1000, and usually remain very much below this. The 

iving and queen move about, and their family increases but slowly, 

.^^fter fifteen months of their union they may be surrounded by 

fifteen or twenty young; in another twelve months the number 

may" have increased to fifty, and by the time it has reached some 

five hundred or upwards the increase ceases. This is due to the 

fact that the fertility of the queen is at first progressive, but 

ceases to be so. A f[ueen three or four years old produces at 

the time of maximum production four to six eggs a day. When 

the community is small—during its first two y^ears—the winged 

individuals that depart from it are about eight or ten annually, 

but the numbers of the swarm, augment with the increase of the 

1 Atti Acc. Gioen. vi. and vii. 1893 and 1894. 

Fig. 230.—Some individuals of Calo- 
termes Jlavicollis: A, nymph with 
partially grown wing - pads ; B, 
adult soldier ; C, adult winged in¬ 
dividual. (After Grassi.) 
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|)op\ilation. The growth of the individuals is slow; it appears 

tliat more than a year elapses between the hatching of the egg 

and the development of the winged Insect. The soldier may 

complete its development in less than a year; the duration of its 

life is not known ; that of the kings and (|ueens must he four or 

live years, pi'ol)al)ly more. After the winged Insects leave the 

colony they associate themselves in jjairs, each of which should, 

if all goes well, start a new colony. 

The economy of Termes hicif'ugas, the only European Termite 

l)esides C(dotermes Jiavicollis, has been studied by several 

observers, the most important of whom are Lespes ^ and Grassi 

and Sandias. This species is much more advanced in social life 

than Calotermes is, and possesses both workers and soldiers 

(Eig. 231, 2, 3); the individuals are much smaller than those of 

Calotermes. Burrows are made in wood of various kinds, furni¬ 

ture being sometimes attacked. Besides making excavations 

this species builds galleries, so that it can move from one object 

to another without being exposed; it being a rule—suljject to 

certain exceptions—that Termites will not expose themselves 

in the outer air. This is probaldy due 2iot only to the 

necessity for protection against enemies, but also to the fact 

that they cannot bear a dry atmosphere; if exposed to a drying 

air they speedily succumb. Occasionally specimens may be seen 

at large; Grassi considers these to be inerely explorers. Owing 

to the extent of the colonies it is difficidt to estimate with 

accuracy the numlier of individuals composing a community, but 

it is doubtless a great many thousands. Grassi finds the economy 

of this species in Sicily to be different from anything that has 

1 )een recorded as occurring in other species; there is never a tiaie 

I'oyal pair. He says that during a period of six years he has 

examined thousands of nests without ever finding such a pair. 

In place thereof there are a considei'alile number of complementary 

([ueens—that is, females that have not gone throiigh the full 

development to peiTect Insects, but have l)een arrested in various 

stages of development. In Eig. 231, Nos. 4 and 5 show two of 

these abnormal I’oyalties; No. 4 is com].)aratively juvenile in 

form, while No. 5 is an imlividual that has been substituted in 

an orphaned nest, and is nearer to the natural condition of perfect 

development. AYe have no information as to whether any develop- 

1 Ann. ScL Nat. Zool. (4) v. 1856, ji. 227. 
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inent goes on in these individnals after the state of royalty is 

assnined, or whether the differences between these neoteinic queens 

are due to the state of development tliey may happen to be in 

when adopted as royalties. Kings are not usually present in 

these Sicilian nests; twice only has Grass! found a king, luit 

Fig. 231.—Some of the form.s of Termes lucifugus. 1, Young larva ; 2, adult worker ; 
3, soldier ; 4, young complementary queen ; 5, older substitution queen ; 6, per¬ 

fect winged Insect. (After Grassi.) 

he thinks that had he Iteen able to search in the months of 

August and September he would then have found kings. It 

would appear therefore that the complementary kings die, or are 

killed after they have fertilised the females. Parthenogenesis 

is not thought to occur, as Grassi has found the spermathecae of 

the complementary queens to contain spermatozoa. 
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The period of development’apparently occupies from eigliteen 

to twenty-three months. At intervals swarms of a great numlier 

of winged individuals leave the nest, and are usually promptly 

eaten up hy various animals. After swarming, the wings are 

thrown off', and sometimes two specimens or three may l)e seen 

running off together; this has been supposed to he preliminary 

to pairing, hut Grassi says this is not the case, hut that tlie 

(djject is to obtain their favourite food, as we shall mention 

subsequently. 

Although these are the usual hal)its of Terincs lucifugus at 

present in Sicily, it must not he concluded that they are invari¬ 

able ; we have in fact evidence to the contrary. Giassi has 

himself been able to procure in confinement a colony—or rather 

the commencement of one—accompanied by a true royal pair; 

while Perris has recorded ^ that in the Landes he frequently 

found a royal pair of T. lucifugus under chips; they were 

accompanied in nearly every case by a few eggs. And I'rofessor 

Perez has recently placed a winged pair of this species in a box 

with some wood, with the result that after some months a young 

colony has been founded. It appears probable therefore that 

this species at times establishes new colonies by means of royal 

pairs derived from winged individuals, but after their establish¬ 

ment maintains such colonies as long as possil.)le by means of 

complementary queens. It is far from improbable that distinc¬ 

tions as to the use of true and complementary royalties may be 

to some extent due to climatic conditions. In some localities 

T. lucifugus has multiplied to such an extent as to be very 

injurious, while in others where it is found it has never been 

known to do so. 

The Termitidae of Africa are the most remarkable that have 

yet been discovered, and it is probably on that continent that tlie 

results of the Termitid economy have reached their climax. Our 

knowledge of the Termites of tropical Africa is chiefiy due to 

Smeathman, who has described the habits of several species, 

among them T. hcllicosus. It is more than a century since 

Smeathman travelled in Africa and read an account of the 

Termites t(') the Loyal Society.^ His information was the first 

(»f any importance about Termitidae that was given to the 

world; it is, as may be well understood, deficient in many 

’ Ann. Soc. cnt. France (5), vi. 1876, p. 201. ^ Phil. Trans, l.xxi. 1781, pp. 139-192. 
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details, but is nevertheless of great value. Though his state¬ 

ments have been doubted they are truthful, and have been 

conhrined l»y Savage.^ T. bellicosus forms buildings compar¬ 

able to human dwellings; some of them being twenty feet in 

height and of great solidity. In some parts of West Africa 

these nests were, in Smeathman’s time, so numerous that they 

had the appearance of villages. Each nest was the centre of 

a community of countless numbers of individuals; subter¬ 

ranean passages extended from them in various directions. The 

variety of forms in one of these communities has not been well 

ascertained, but it would seem that the division of lahour is 

carried to a crreat extent. The soldiers are fifteen times the size 
o 

of the workers. The community is dependent on one royal 

couple. It is the opinion of the natives that if that couple perish 

so also does the community; and if this be correct we may 

conclude that this species has not a perfect .system of replacing 

royal couples. The queen attains an almost incredihle size 

and fertility. Smeathman noticed the great and gradual growth 

of the abdomen, and says it enlarges “ to such an enormous size 

that an old queen will have it increased so as to be fifteen 

hundred or two thousand times the buUc of the rest of her body, 

and twenty or thirty thousand times the hulk of a labourer, as 

I have found by carefully weighing and computing the different 

states.” He also describes the rate at which the eggs are pro 

duced, saying that there is a constant peristaltic movement “ of 

the abdomen, “ so that one part or other alternately is rising 

and sinking in perpetual succession, and the matrix seems never 

at rest, but is always protruding eggs to the amount (as I 

have frequently counted in old queens) of sixty in a minute, or 

eighty thousand and upward in one day of twenty-four hours.” 

This observer, after giving an account of the great swarms of 

perfect winged Insects that are produced by this species, and after 

de.scril)ing the avidity with which they are devoured by the 

Hymenopterous ants and other creatures, adds : “ I have discoursed 

with .several gentlemen upon the taste of the white ants; and on 

comparing notes we have always agreed that they are most 

* Ami. Nat. Hist. (2) v. 1850, p. 92. 

^ Dr. G. J). Hiiviland iiifonn.s the writer tliat he thiiik.s it jirobahle tliis so-called 

perLstaltic luoveiiieiit is merely the result of alarm ; he has not, however, had any 

opportunity of observing T. be/tiaisiis. 



XVI TERMITIDAE 
369 

delicious and delicate eating. One gentleman compared them to 

sugared marrow, another to sugared cream and a paste of sweet 
almonds.” 

From the preceding brief sketch of some Termitidae we may 

gather the chief points of importance in which they differ from 

other Insects, viz. (1) the existence in the community of in¬ 

dividuals—workers and soldiers—^which do not resemble their 

parents; (2) the limitation of the reproductive power to a single 

pair, or to a small number of individuals in each community, and 

the prolongation of the terminal period of life. There are other 

social Insects besides Termitidae: indeed, the majority of social 

Insects—ants, bees, and wasps—belong to the Order Hymen- 

optera, and it is interesting to note that analogous phenomena 

occur in them, hut nevertheless with such great differences that 

the social life of Termites must be considered as totally distinct 

from that of the true ants and other social Hymenoptera, 

Development.—Social Insects are very different to others not 

only in the fact of their living in society, but in respect of 

peculiarities in the mode of reproduction, and in the variety of 

habits displayed by members of a community. The greatest 

confusion has arisen in reference to Termitidae in consequence 

of the phenomena of their lives having been assumed to be 

similar to those of Hjmienoptera; hut the two cases are very 

different, Hymenoptera passing the early parts of their lives as 

helpless maggots, and then undergoing a sudden metamorphosis to 

a totally changed condition of structure, intelligence, and instinct. 

The development of what we may look on as the normal form 

of Termitidae—that is, the winged Insects male and female—is 

on the whole similar to that we have sketched in Orthoptera ; the 

development in earwigs being perhaps the most similar. The 

individuals of Termitidae are, however, in the majority of cases 

if not in all, horn without eyes; the wing-rudiments develop 

from the thoracic terga as shorter or longer lobes according to 

the degree of maturity; as in the earwigs the number of joints 

in the antennae increases as development advances. All the young 

are, when hatched, alike, the differences of caste appearing in the 

course of the subsequent development; the most important of 

these differences are those that result in the production of two 

special classes—only met with in social Insects—viz. worker 

and soldier. Of these the workers are individuals whose develop- 
2 B VOL. V 
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inent is arrested, the sexual organs not going on to their full 

development, while other organs, such as the eyes, also remain 

undeveloped ; the alimentary canal and its adjuncts occupy nearly 

the whole of the abdominal cavity. The adult worker greatly 

resembles—except in size—the young. Grassi considers tliat tlie 

worker is not a case of simple arrest of development, hut that 

some deviation accompanies the arrest. 

The soldier also suffers an arrest of development in certain 

respects similar to the worker; but the soldier differs in the im¬ 

portant fact that the arrest of the development of certain parts 

is correlative with an extraordinary development of the head, 

which ultimately differs greatly from those of either the wmrker 

or of the sexual males and females. 

Soldier.—All the parts of the head of the soldier undergo a 

greater or less change of form; even 

la. CWt pieces at its base, which connect 
■ I- ' it by means of the cervical sclerites 

with the prothorax, are altered. The 

parts that undergo the greatest modi¬ 

fication are the mandibles (Fig. 233, 

B); these become much enlarged in size 

and so much changed in form that in 

a great many species no resemblance 

to the original shape of these organs 

can be traced. It is a curious fact that 

the specific characters are betterexpressed 

in these superinduced modifications than 

they are in any other part of the 

organisation (except, perhaps, the wings). 

The soldiers are not alike in any two 

species of Termitidae so far as we 

know, and it seems impossible to ascribe 

the differences that exist between the 

soldiers of different species of Termitidae 

to special adaption for the work they 

have to perform. Such a suggestion is 
B, of soldier; c, of winged justifiable only in the case of the Nasuti 
male ; D, of winged female. , 

(Iig. 2.3 4, 1), where the front of the head 

is prolonged into a point: a duct opens at the extremity of 

this point, from which is exuded a fluid tliat serves as a cement for 

Fio. 233.—The pairs of mandi¬ 
bles of different adult indi¬ 
viduals of Termes sp. from 
Singapore. A, Of worker ; 
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constructing the nest, and is perhaps also used to disable enemies. 

Hence the prolongation and form of the head of these Nasuti may 

he fairly described as adaptation to useful ends. As regards the 

great variety exhibited by other soldiers—and their variety is 

much greater than it is in the ISTasuti—it seems at present im¬ 

possible to treat it as being cases of special adaptations for useful 

purposes. On the whole it would be more correct to say 

Fig. 234.—Soldiers of different species of Termites. (After Hagen.) 1, Termes armiger; 
2, T. dims; 3, Ccdotermes flavicoUis; 4, T. Ullkosus; 5, T. occidentis; 6, T. 
cingidatus (?) ; 7, Ilodotermes quadricollis {?); 8, T. debilis(?), Brazil. 

that the soldiers are very dissimilar in spite of their having to 

perform similar work, than to state that they are dissimilar in 

conformity with the different tasks they carry on. 
The Termite soldier is a phenomenon to which it is difficult 

to find a parallel among Insects. The soldier in the true ants 

is usually not definitely distinguished from the worker, but it is 

possible that in the leaf-cutting ants, the so-called soldier may 

prove to be more similar in its nature to the Termite soldier. 

The soldiers of any one species of Termite are apparently ex- 
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treniely similar to one another, and there are no intermediates 

between them and the other forms, except in the stages of 

differentiation. But we must recollect that but little is yet 

known of the full history of any Termite community, and it is 

possible that soldiers wliich in the stage of differentiation promise 

to be unsatisfactory may Ije killed and eaten,—indeed there is some 

evidence to this effect. There is too in certain cases some difference 

—larger or smaller size being the most important—between the 

soldiers of one species, which may possibly ))e due to the different 

stage of development at which their differentiation commenced. 

It would at present appear that, notwithstanding the remark- 

al)le difference in structure of the soldiers and workers of the 

white ants, there is not a corresponding difference of instinct. 

It is true that soldiers do more of certain things than workers 

do, and less of others, but this appears to be due solely to their 

possession of such very different structures; and we are repeatedly 

informed by Gfrassi that all the individuals in a community take 

part, so far as they are able, in any work that is going on, and 

we fiiid also in the works of other writers accounts of soldiers 

performing acts that one would not have expected from them. 

The soldiers are not such effective combatants as the workers are. 

Dudley and Beaumont indeed describe the soldiers as merely look¬ 

ing on while the workers fight.^ So that we are entitled to con¬ 

clude that the actions of the soldiers, in so far as they differ from 

those of the rest of the community, do so because of the different 

organisation and stimctures of these individuals. "We shall, when 

speaking of food, point out that the condition of the soldier in 

relation to food and hunger is probably different from that of 

the other forms. 

Various Forms of a Community.—The soldiers and workers 
are not the only anomalous forms found in Termitid communi¬ 

ties ; indeed on examining a large nest a variety of forms may 

be found that is almost bewildering. Tables have been drawn 

up liy Grass! and others showing that as many as fifteen kinds 

may l)e found, and most of them may under certain circumstances 

coexist. Such tables do not represent the results of actual 

examination in any one case, and they by no means ade¬ 

quately represent the number that, according to the most recent 

observations of Grass!, may be present; but we give one taken 

^ Tr. N. York Ac. viii. 1889, pp. 85-114 ; and ix. 1890, pp. 157-180. 
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Ironi Grassi, as it conveys some idea of the lunnerous forms that 

exist in certain communities. In this table the arrangement, 

according to A, B, C, D, E, represents successive stages of the 
development :— 

Forms of Tcrmcs lucifug-iis. (After Grassi.) Zool. Anz. xii. 1889, p. 360. 

A 

li 

C 

D 

E 

2. Larvae that will 
not mature the sexual 
organs. 

5. Larvae of 
soldiers. 

6. Larvae of 
workers. 

7. Soldiers. S. Workers. 

1. Young, undifferentiated larvae. 
I 

3. Larvae that w’ill 
mature the sexual 
organs. 

4. Reserves for royal specimens: 
(only present wlien 14, 15, and 11 
are wanting, or when 14 and 16 are 
present in insufticient numbers). 

I I 
U. Nymphs of tlie 10. Nymphs of 

first form. the second form. 

12. Winged 13. Reserve 
Insects. royal pairs ? 

14. True royal 15. Substitution 
' couple. . loyal pairs. 

11. Reserves for 
royal pairs (only 
present when 14, 
15, and 4 are want¬ 
ing, or when the 
two latter are 
present in insuffi¬ 
cient numbers). 

On inspecting this table it will he perceived that the variety of 

.forms is due to three circumstances—(1) the existence of castes 

that are not present in ordinary Insects; (2) fhe coexistence of 

young, of adolescents, and of adults ; and (3) the habit the Termites 

have of tampering with forms in their intermediate stages, the 

result of which may be the substitution of neoteinic individuals in 

place of winged forms. 

This latter, procedure is far from being completely understood, 

lint to it are probably due the various ahnormal forms, such as 

soldiers with rudiments of wings, that have from time to time 

been discovered in Termite communities, and have given rise to 

much perplexity. 

In connexion with this subject we may call attention to the 

necessity, when examining Termite nests, of taking cognisance 

of the fact that more than one species may be present. Bates 

found different Termites living together in the Amazf.ins Valley, 

and Mr. Haviland has found as many as five species of Termitidae 

and three of true ants in a single mound in South Africa. In 

this latter case observation showed that, though in such close 

proximity, there was hut little further intimacy between the 

species. There are, however, true inciuiline, or guest. Termites, 



374 NEUROPTERA CHAP. 

of the genus Eutermes, found in various parts of the world living 

in the nests of other Termitidae. 

Origin of the Forms.—The interest attaching to the various 

forms that exist in Termites, more particularly to the worker and 

soldier, is evident when we recollect that these never, so far as 

we know, produce young. In the social Hymenoptera it has 

been ascertained that the so-called neuters (which in these 

Insects are always females) can, and occasionally do, produce 

young, hut in the case of the Termites it has never been sug¬ 

gested that the sexual organs of the workers and soldiers, whether 

male or female, ever become fruitful; moreover, the phenomena 

of the production of young by the white ants are of such a nature 

as to render it in the highest degree improbable that either 

workers or soldiers ever take any direct part in it. Xow the 

soldier is extremely different from the sexual individuals that 

produce the young, and seeing that its peculiarities are not, in 

the ordinary sense of the word, hereditary, it must he of great 

interest to ascertain how they arise. 

Before stating the little information we possess on this sub¬ 

ject, it is necessary to reiterate what we have already said to the 

effect that the soldiers and workers are not special to either sex, 

and that all the young are born alike. It would be very natural 

to interpret the phenomena by supposing the workers to be 

females arrested in their development—as is the case in social 

Hymenoptera—and by supposing the soldiers to be males with 

arrested and diverted development. 

The observations already made show that this is not the case. 

It has been thoroughly well ascertained by Lespes and Fritz Muller 

that in various species of Galotervies the soldiers are both males 

and females. Lespes and Grass! have shown that the workers of 

Termes hicifugus are of male and female sex, and that this is 

also true of the soldiers. Although the view of the duality of 

the sexes of these forms was received at first with incredulity, it 

appears to be beyond doubt correct. Grass! adds that in all the 

individuals of tlie workers and . soldiers of Termes lucifugus the 

sexual organs, either male or female, are present, and that they 

are in the same stage of development whatever the age of the 

individual. This statement of Grassi’s is of importance because 

it seems to render improbable the view that the difference of form 

of the soldier and worker arises from the arrest of the develop- 
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nient of their sexual organs at different periods. The fact that 

sex has nothing whatever to do with the determination of the 

form of workers and soldiers may he considered to he well 
established. 

The statement that the young are all born alike is much 

more difficult to substantiate. Bates said that the various forms 

could be detected in the new-born. His statement was made, 

however, merely from inspection of the nests of species about 

which nothing was previously known, and as it is then very 

difficult to decide that a specimen is newly hatched, it is probable 

that all he meant was that the distinction of workers, soldiers, 

and sexual forms existed in very small individuals—a statement 

that is no doubt correct. Other observers agree that the young 

are in appearance all alike when hatched, and Grassi reiterates his 

statement to this effect. Hence it would appear that the differ¬ 

ence of form we are discussing arises from some treatment subse¬ 

quent to hatching. It may he suggested, notwithstanding the 

fact that the young are apparently alike when hatched, that they 

are not really so, hut that there are recondite differences which are 

in the course of development rendered conspicuous. This con¬ 

clusion cannot at present be said with certainty to he out of the 

question, hut it is rendered highly improbable by the fact 

ascertained by Grassi that a specimen that is already far advanced 

on the road to being an ordinary winged individual can be diverted 

from its evident destination and made into a soldier, the wings 

that were partially developed in such a case being afterwards 

more or less completely absorbed. This, as well as other facts 

observed by Grassi, render it probable that the young are truly, 

as well as apparently, born in a state undifferentiated except as 

regards sex. Big. 230 (p. 363) is designed to illustrate Grassi’s 

view as to this modification; the individual A is already far 

advanced in the direction of the winged form C, but can never¬ 

theless he diverted by the Termites to form the adult soldier B. 

According to the facts we have stated, neither heredity nor 

sex nor arrest of development are the causes of the distinctions 

between worker and soldier, though some arrest of development is 

common to both; we are therefore obliged to attribute the dis¬ 

tinction between them to other influences. Grassi has no 

hesitation in attributing the anatomical distinctions that arise 

between the soldiers, workers, and winged forms to alimentation. 
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Food, or the mode of feeding, or both comlhned, are, according 

to the Italian naturalist, the source of all the distinctions, 

except those of sex, that we see in the forms of any one species 

of Termite. 

Feeding.—Such knowledge as we possess of the food-habits 

of Termitidae is chiefly due to (Irassi; it is of the very greatest 

importance, as giving a clue to much that was previously obscure 

in the Natural History of these extraordinary creatures. 

In the aljodes of the Termites, notwithstanding the enormous 

numbers of individuals, cleanliness prevails; the mode by which 

it is attained appears to he that of eating all refuse matter. 

Hence the alimentary canal in Termitidae contains material of 

various conditions of nutritiveness. These Insects eat their cast 

skins and the dead bodies of individuals of the community ; even 

the material that has passed through the alimentary canal is 

eaten again, until, as we may presume, it has no further nutritive 

power. The matter is then used for the construction of their 

habitations or galleries, or is carried to some unfrequented part 

of the nest, or is voided by the workers outside of the nests; 

the pellets of frass, i.e. alimentary rejectamenta, formed by 

the workers frequently betraying their presence in buildings 

when none of the Insects themselves are to be seen. The 

aliments of Calotennes Jiavicollis are stated by Grassi and 

Sandias to be as follows: (1) wood; (2) material passed 

from the posterior part of the alimentary canal or regurgi¬ 

tated from the anterior part; (3) the matter shed during 

the moults; (4) the bodies of other individuals; (5) the 

secretion of their own salivary glands or that of their fellows; 

(6) water. Of these the favourite food is the matter passed 

from the posterior part of the alimentary canal. AVe will speak of 

tills as proctodaeal food. When a Cidotermes wishes food it strokes 

the posterior part of another individual with the antennae and 

palpi, and the creature thus solicited yields, if it can, some 

proctodaeal food, which is then devoured. Yielding the proctodaeal 

food is apparently a reflex action, as it can be induced by friction 

and slight pressure of the abdomen with a small brush. The 

material yielded by the anterior jiart of the alimentary canal may 

be called stomodaeal })roduct. It makes its a})pearance in the 

mouth in the form of a microscopic globule that goes on in¬ 

creasing in size till about one millimetre in diameter, when it is 
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either used for building or as food for another individual. The 

inode of eating the ecdysial products has also been described by 

Grassi and Sandias. When an individual is sick or disabled it 

is frequently eaten alive. It would appear that the soldiers are 

great agents in this latter event, and it should be noticed that 

owing to their great heads and mandibles they can obtain food by 

other means only with difficulty. Since they are scarcely able to 

gnaw wood, or to obtain the proctodaeal and stomodaeal foods, 

their condition may be considered to be that of permanent 

hunger, only to be allayed by carnivorous proceedings. When 

thrown into a condition of excitement the soldiers sometimes 

exhibit a sort of Calotermiticidal mania, destroying with a few 

strokes five or six of their fellows. It is, however, only proper to 

say that these strokes are made at random, the creature having 

no eyes. The carnivorous propensities of Caloterines are ap¬ 

parently limited to cannibalism, as they slaughter other white 

ants (Termes lucif ugus) but never eat them. 

The salivary food is white and of alkaline nature; when 

excreted it makes its appearance on the upper lip. It is used 

either I)y other individuals or by the specimen that produced 

it; in the latter case it is transferred to the lower lip and 

swallowed by several visible efforts of deglutition. The aliments 

we have mentioned are made use of to a greater or less extent by 

all the individuals except the very young; these are nourished 

only by saliva: they commence taking proctodaeal and stomo¬ 

daeal food before they can eat triturated wood. 

Royal Pairs.—The restriction of the reproductive powers of 

a community to a single pair (or to a very restricted number of 

individuals) occurs in all the forms of social Insects, and in 

all of them it is concomitant with a prolongation of the repro¬ 

ductive period far exceeding what is natural in Insects. We are 

not in a position at present to say to what extent the lives of the 

fertile females of Termitidae are prolonged, there being great diffi¬ 

culties in the way of observing these Insects for long periods owing 

to their mode of life ; living, as they do, concealed from view, light 

and disturbance appear to be prejudicial to them. We have every 

reason to believe, however, that the prolongation extends as a 

rule over several years, and that it is much greater than that of 

the other individuals of the community, although the lives of 

even these latter are longer than is usual in Insects; but this 
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point is not yet satisfactorily ascertained. As regards the males 

there is reason to think that considerable variety as to longevity 

prevails. But the belief is that the royal males of Termitidae also 

form an exception to other Insects in the prolongation of the 

terminal periods of their lives. In Hymenoptera, male in¬ 

dividuals are profusely produced, but their lives are short, and 

their sole duty is the continuation of the species by a single 
act. We have seen that 

Grass! is of opinion that 

a similar condition of 

affairs exists at present 

with Termes lucif^igus in 

Sicily, but with this ex¬ 

ception it has always been 

considered that the life 

of the king Termite is, 

roughly speaking, con¬ 

temporaneous with that 

of the queen ; it is said 

that in certain species the 

king increases in bulk, 

though not to an extent 

that can be at all com¬ 

pared with the queen. 

It must be admitted 

that the duration of life 

of the king has not been 

Fig. 235.-Royal pair ot~Termes malayanus from sufficiently established,for 
Singapore, taken out of royal cell. A, A, King, the COexistence of a king 
lateral and dorsal views ; B, B, queen, dorsal and -.i . 
lateral views. Natural sizes. "'^th a queeil 111 the 

royal cell is not incon¬ 

sistent with the life of the king being short, and with his replace¬ 

ment by another. Much that is imaginary exists in the litera¬ 

ture respecting Termites, and it is possible that the life of the 

king may prove to be not so prolonged as has been assumed. 

Eeturning to the subject of the limitation of the reproduction 

of the community to a single pair, we may remark that a ■priori 

one would suppose such a limitation to be excessively unfavour- 

aljle to the continuation of the species; and as it nevertheless is 

the fact that this feature is almost, if not quite, without exception 
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ill Insect societies, we may conclude that it is for some reason 

absolutely essential to Insect social life. It is true that there 

are in Termitidae certain partial exceptions, and these are so 

interesting that we may briefly note them. When a royal cell is 

opened it usually contains but a single female and male, and 

when a community in which royal cells are not used is inspected 

it is usually found that here also there are present only a single 

fertile female and a single king. Occasionally, however, it 

happens that numerous females are present, and it has been 

noticed that in such cases they are not fully matured females, but 

are imperfect, the condition of the wings and the form of the 

anterior parts of the body being that of adolescent, not adult 

Insects. It will be recollected that the activity of a community 

of Termites centres round the great fertility of the female; 

without her the whole community is, as Grassi graphically puts 

it, orphaned; and the observations of the Italian naturalist 

make it clear that these imperfect royalties are substitution 

queens, derived from specimens that have not undergone the 

natural development, but have been brought into use to meet the 

calamity of orphanage of the community. The Termites appar¬ 

ently have the power of either checking or stimulating the reproduc¬ 

tive organs apart from other organs of the body, and they appear to 

keep a certain number of individuals in such a condition that in case 

of anything going wrong with the queen, the reserves may be brought 

as soon as possible into a state of reproductive activity. The in¬ 

dividuals that are in such a condition that they can l^ecome pseudo¬ 

royalties are called complementary or reserve royalties, and when 

actually brought into use they become substitution royalties. It 

is not at present quite clear wdiy the substitution royalties should be 

in such excess of numbers as we have stated they were in the case 

we have figured (Fig. 236), but it may be due to the fact that when 

the power of the community is at a certain capacity for supporting 

young a single substitution royalty would not supply the requisite 

producing power, and consequently the community adopts a 

greater number of the substitution forms. Termites are utterly 

regardless of the individual lives of the members of the community, 

and when the reproductive powers of the company of substitution 

royalties become too great, then their number is reduced by the 

effective method of killing and eating them. 

According to Grassi’s observations, the communities of Termes 
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lucifiigus are now ke])t up in Sicily almost entirely by substitution 

royalties ; the inference being 

that the age of each com¬ 

munity has gone beyond the 

capacity for life of any single 

royal cpieen. 

The substitution royal¬ 

ties are, as we have said, 

called neoteinic (veo<;, youth¬ 

ful, reivw, to belong to), be¬ 

cause, though they carry on 

the functions of adult Insects, 

they retain the juvenile con¬ 

dition in certain respects, 

and ultimately die without 

having completed the normal 

development. The pheno¬ 

menon is not quite peculiar 

to Insects, but occurs in 

Fig, 236. — Pair of neoteinic royalties, taken some other animals having 
from the royal chamber of Tmies mnahais ^ _ j^arkecl luetamor- 
at Singapore by Mr. G. D. HaViland. The 
([ueen was one of thirteen, all in a nearly phosis, notably in the !Mexi- 
.sirnilar state. A, king ; B, C, queen. Axolotl ^ 

A point of great importance in connexion with the neoteinic 

royalties is that they are not obtained from the instar im¬ 

mediately preceding the adult state, but are made from Insects 

in an earlier stage of development. The condition immediately 

preceding the adult state is that of a nymph with long wing- 

pads ; such specimens are not made into neoteinic royalties, but 

nymphs of an earlier stage, or even larvae, are ]ireferred. It is 

apparently by an interference with one of these earlier stages of 

development that the “ nymphs of the second form,” which have 

for long Ijeen an enigma to zoologists, are produced. 

Post-metamorphic Growth.—The increa.se of the fertility of 

the royal female is accompanied by remarkalde phenomena of 

growth. Tost-nietamorphic growth is a phenomenon almost 

unknown in In.sect life, except in these Terniitidae,; distension 

not infreipiently occurs to a certain e.xtent in other Insects, and 

’ Camei’aiio,,7fM?f. Soc. ml. Ital. xvii. 1885, ]). 89 ; and Kollmann, Verh. Gcs. 

JjKsc/, vii. 1883, p. 391. 



XVI TERMITIDAE 381 

is usually due to the growth of eggs inside the body, or to the 

repletion of other parts. But in Termitidae there exists post- 

metamorphic growth of an extensive and complex nature; this 

growth does not affect the sclerites {i.e. the hard chitinous parts 

of the exo-skeleton), which remain of the size they were when the 

post-metamorphic growth commenced, and are consequently mere 

islands in the distended abdomen (Fig. 236, B, C). The growth 

is chiefly due to a great increase in number and size of the egg- 

tubes, hut there is believed to be a correlative increase of various 

other parts of the abdominal as distinguished from the anterior 

regions of the body. A sketch of the distinctions existing 

between a female of a species at the time of completion 

of the metamorphosis and at the period of maximum fertility 

does not appear to have been yet made. 

New Communities.—The progress of knowledge in respect of 
Termitidae is bringing to light a quite unexpected diversity of 

habits and constitution. Hence it is premature to generalise on 

important matters, hut we may refer to certain points that 

have been ascertained in connexion with the formation of new 

communities. The duration of particular communities and the 

modes in which new ones are founded are still very obscure. 

It was formerly considered that swarming took place in 

order to increase the number of communities, and likewise for 

promoting crossing between the individuals of different com¬ 

munities. Grassi, however, finds as the result of his prolonged 

observations on Termes hicifugus that the swarms have no further 

result than that the individuals composing them are eaten up. 

And Fritz Muller states^ that in the case of the great majority 

of forms known to him the founding of a colony by means 

of a pair from a swarm would he just about as practicable 

as to establish a new colony of human beings by placing a 

couple of newly-born babes on an uninhabited island. It was 

also thought that pairs, after swarming, re-entered the nests 

and became royal couples. It does not, however, appear that 

any one is able to produce evidence of such an occurrence. The 

account given by Smeathman of the election of a royal couple 

of Termes hellicosus is imperfect, as, indeed, has already been 

pointed out by Hagen. It suggests, however, that a winged 

pair after leaving the nest do again enter it to liecome king 

^ Jena. Zeitschr. Naturw. vii. 1873, p. 458. 
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and queen. The huge edifices of this species described by 

Smeathman are clearly the result of many years of labour, and at 

present substitution royalties are not known to occur in them, 

so that it is not improbable Smeathman may prove to he correct 

even on this point, and that in the case of some species mature 

individuals may re-enter the nest after swarming and may become 

royal couples. On the whole, however, it appears probable that 

communities of long standing are kept up by the substitution 

royalty system, and that new communities when established are 

usually founded by a pair frozn a swarm, which at firat are not 

in that completely helpless condition to which they come when 

they afterwards reach the state of so-called royalty. Grassi’s 

observations as to the sources of food remove in fact one of the 

difficulties that existed previously in regard to the founding of 

new colonies, for we now know that a couple may possibly bear 

with them a sufficient supply of proctodaeal and stomodaeal 

aliment to last them till workers are hatched to feed them, and 

till soldiers are developed and the community gradually assumes 

a complex condition. Professor Perez has recently obtained ^ the 

early stages of a community from a winged pair after they had 

been placed in captivity, unattended by workers. Muller’s 

observation, previously quoted, is no doubt correct in relation 

to the complete helplessness of royal pairs after they have 

been such for some time; but that helplessness is itself only 

gradually acquired by the royal pair, who at first are able to 

shift for themselves, and produce a few workers without any 

assistance. 

Anomalous Forms.—Muller has described a Calotermes zinder 

the name of C. rugosus, which is interesting on account of the 

peculiar form of the young larva, and of the changes by which 

it subsequently becomes similar in form to other species of the 

genus. We represent the development of this larva in Fig. 

237. We may call attention to the fact that this figure illus¬ 

trates the large size of the paunch, which is so extraordinary 

in some of the states of the Termitidae. 

Tt will be recollected tliat the genus Calotermes is destitute 

of workers. There is another genus, Anoplotermes, in which the 

reverse condition prevails, and the soldier is absent; this is the 

only case yet known in which such a state of affairs exists. 

’ Cll. Ac. Paris, cxix. 1894, p. 804. 
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The species is called A. pacificus by Fritz Mtiller; it differs from 

other Termitidae in possessing a proventriculus destitute of tritu¬ 

rating ridges. The nests of this species are utilised by a little 

Eutermes (^E. inquilinus Muller) for its own advantage ; whether 

by first destroying the Anoplotermes or whether by merely taking 

possession of the nests abandoned by their owners is not known. 
It is a most remarkable fact 

that the Eutermes resembles 

the Anoplotermes so ex¬ 

tremely that the two can 

.scarcely be distinguished, 

though anatomically they are 

quite different. The resem¬ 

blance is indeed so great that 

it deceived Von Jhering into 

supposing that the two genera 

w'ere alternate generations of a 

single species, one generation 

possessing soldiers, the other 

being without them. Subse¬ 

quently, by anatomical inves¬ 

tigation, he recognised ^ the c 
error into which he had fallen 237.—Changes in external form of the 

, , young larva of Calotermes rmjosus. A, 
—an error that, under such 

peculiar circumstances, was 

quite pardonable. 

Hagen has suggested ^ that 

Hodotermes japonicus never pro¬ 

duces winged forms. It is, how¬ 

ever, now known that this supposed Termite is really an earwig. 

Marching and Harvesting Termites.—Smeathman alluded 

to a remarkable Termes seen by him in Africa, giving it the 

name of T. viaruin. Xothing further is known of this Insect, 

which, according to Smeathman’s account, may possibly be the 

most remarkable of the family. '1\ viarum is said to be larger 

than T. hellicosus, and was discovered issuing in large numbers 

from a hole in the ground and marching in columns consisting 

of workers directed by soldiers of enormous size, some of whom 

fi'V > A 4.JA 
S' 

Newly hatched with nine joints in an¬ 
tennae, X 8 ; B, older larva with ten 
joints, X 8 ; C, next stage with eleven 
joints, X 8 ; D, larva with twelve joints ; 
the position of the parts of the aliment¬ 
ary canal are shown — v, crop ; to, 
stomach ; h, paunch ; e, intestine ; r, 
dorsal vessel, x Y- (After Fritz Muller.) 

^ Congr. interned. Zool. ii. 1892, pt. i. p. 249. 

^ P. Boston Soc. xi. 1868, ]). 399. 
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cliiubed up plants and gave audible signals to the army, whicli 
immediately responded with a hissing noise and by increasing 
their pace with the utmost hurry; they continued marching by 
the spot wliere Smeathman observed them for upwards of an 
hour. He was not. able to find their nests, and no specimens have 
been preseryed ; both soldiers and workers possessed eyes. March¬ 
ing in this way by daylight is contrary to the nature of ordinary 
Termites, and some doul^t has existed as to the correctness of 
Smeathman’s observation, which has in fact remained for upwards 
of a century without confirmation. 

Mr. Gr. D. Haviland has, however, this year discovered in 
Natal a Termite wliich shows that there are species in Africa 
of the kind described by Smeathman, the workers and soldiers 
being possessed of facetted eyes. Mr. Haviland states that the 
workers of this species issue from holes in the ground during the 

heat of the day and 
cut grass both dead 
and green. They 
carry it, in lengths 
of about two inches, 
to the mouths of 
the holes, often 
leaving it there and 
going at once to 
fetch more. Under 
acacia bushes they 
carry acacia leaflets 
as well as grass. In 

Fig. 238.—Eyed, grass-cutting Termite, -II0 -.f 
A, soldier ; B, worker. South Africa. In life the head miatue 01 lUe 
is carried horizontally, so the piece of grass sticks up like day more grass ac- 
a flag-pole. Cumulates at the 

entrance to the holes than can be taken in, but as the heat of 
the day diminishes the workers cease to forage and take in the 
accumulation. When the grass is all in they sometimes close 
the mouth of the hole with moistened pellets of earth brought 
in their mouths. Tlie soldiers remain in the holes; when dis¬ 
turbed they jerk themselves like soldiers of other species to 
frighten away the intruder; when they bite, their grip is A^ery 
tenacious. The holes are about ^ of an inch in diameter, and 
there are usually several of them a few yards apart; around each 
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of them is a patch over wliich the grass has been cut quite 

short. Mr. Havilaud followed these holes by digging for a 

distance of 20 feet and to a depth of 5|- feet; they remain 

uniform in size except that near the entrance there may 

he one or two chambers in which the grass is temporarily 

stored, hut these do not hold more than would he collected 

in an hour or two. As the burrow descends it is occa¬ 

sionally joined by another, and at the point of junction there 

is usually a considerable widening. Sometimes they run straight 

for 6 or 7 feet, sometimes they curve abruptly, sometimes they are 

nearly horizontal, but near the mouth may be almost vertical in 

direction. These Termites are very local, but the specimens are 

numerous when found. Mr. Haviland dug for these Insects at 

two places on the Tugela river, one of them being at Colenso. It 

is much to be regretted that he was unable to reach the nest. 

TVe figure a soldier selected from specimens sent by Mr. Haviland 

to the Cambridge University IVIuseum. This Insect is apparently 

much smaller than Smeathman’s T. viarum. Other species of 

Termitidae have been described ^ as forming underground tunnels 

in Africa, but none of the species have yet been satisfactorily 

identified. 

It was stated by Smeathman that some species of Termites 

had chambers in their habitations in which grew a kind of fungus 

used by the Insects for food; Mr. Haviland is able to confirm 

Smeathman in this pi^rticular; he ha’sdng found fungus-chambers 

in the nests of more than one species both in Singapore and 

South Africa (Tig. 240). 
Habitations.—In nothing do Termites differ more tiian in 

the habitations they form. Sometimes, as we have mentioned in 

the case of Calotermes, there is no real structure formed; only a 

few barriers being erected in burrows or natural hollows in wood. 

In other cases very extensive structures are formed, so that the 

work of the Termites becomes a conspicuous feature in the land¬ 

scape. This is of course only the case in regions that are not 

much interfered with Ijy man; the great dwellings spoken of 

by Smeathman and others soon disappear from the neighbourhood 

of settlements, luit in parts of Africa and in Australia large 

dwellings are still formed by these creatures. In the latter part 

of the world there exists a very remarkable one, formed by an 

^ Kolbe, Ent. Nachr. xiii. 1887, }i. 70. 

VOL. V 2 C 
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undetermined species called by the officers and crew of her 

^Majesty’s ship Penguin tlie “ compass ant.” The outline of one 

of the structures formed hy this Termite we represent in Tig. 239. 

Mr. J. J. 'Walker, to whom we are indelited for the .sketch from 

which this hgnre is taken, has also favoured us with the following 

extract from his diary, of date 4tli August 1890 : “The most in¬ 

teresting featiu’e in the scenery (aljout forty miles inland from I’ort 

1 )arwin) was the constant succession of huge mounds raised hy 

the Termites, of which I had .seen some comparatively small 

examples in my ramldes near Port Darwin; hut these exceeded 

in dimensions all I had ever seen. The most frequent as well as 

the largest kind was usually of a reddish or ferruginous colour 

outside, and generally almost cylindrical in shape with ohtu.sely- 

pointed top, but nearly always more or less weather-worn, with 

great irregular buttresses and deep ruts down the sides; many of 

them look like ruined towers in miniature. Their i;sual height 

was from 8 to 10 feet, but many were much higher, and some 

attained an (estimated) elevation of at least 20 feet. Another 

kind, seen only in one or two places along the line, Avas of a much 

more singular character; they averaged only 4 to 5 feet high, 

were built of a dark-gray mud, 

and in shape were like thin Hat 

wedges set upright (see Fig. 239), 

reminding one of tombstones in 

a churchyard. But the most 

remarkable feature about the.se 

mounds was that they had all 

the same orientation, auz. with 

the long faces of the wedire 

pointing nearly north and south. 
Fig. 239.—Termitarium of corapa.s.s or nieri- • t , 

(lian Termite of North Australia. A, tlllS IS SO 1 am quite at a 
face extending south aud north ; B, cross- luSS tO imagine, and I inucll re¬ 
section. . .Ll ^ A 1 1 

gret tliat 1 had no opportunity 
of clo.sely examining these most singular structures. A third 

kind of mound, usually not exceeding 2 feet in height, Avas of a 

sinq)le, acute, conical figure, and generally of a gray colour some- 
Avliat paler tlian the last.” 

Idle material used for the construction of the dwellings is 

either earth, Avood, or tlie excrement of the Termites. The huge 

edifices mentioned liy .Smeathman are composed of earth cemented 
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together so as to look like stone or hrickj and the hnildings appear 

to be almost as strong as if they were actually constructed with 
these materials. In many cases 

the substance used is comminuted 

wood that has passed one or 

more times through the alimen¬ 

tary canal of the Insects, and 

may therefore he called excrement. 

Whether the stone-like material 

is made from earth that has 

passed through the alimentary 
canal or from grains gathered Fragment of Termitarmm^ ^ 

^ ^ ® Termes angustatiis, S. Ainca, snowing 
tor the purpose has not been fungus chambers and orifices of coiu- 

Avell ascertained. In any case mumcatiou. 

the material is cemented together by means of the secretions of 

glands. Dudley and Beaumont have described the process of 

construction, in a species observed by them, saying that earth 

is brought and placed in position by the mandibles, and cemented 

by licpiid from the abdomen.^ A^on Jhering says ^ that some 

species form the exterior walls, of their dwellings of stone-like 

material, but make use of woody matter for the construction 

of the interior. Smeathman has descilbed the nest of Termes 

hellicosus. The whole of the very strong external wall consists 

of clay-like material, cemented by the secretions of the Termites 

to a very firm consistence. The royal cell is built of the same 

material as the framework of the nest; whilst the nurseries 

in which the young are chiefly found are built' of woody 

material, and are always covered with a kind of mould—the 

mycelium of a fungus—and plentifully sprinkled with small 

white bodies, which, under the microscope, are found to be filled 

with a number of oblong, spore-like cells. 

These nurseries rest on the clay-like framework of the nest, 

bnt are not attached thereto; they in no way support it, or one 

another, indeed they have the appearance of being constantly 

added to on their upper margins and constantly eaten away on 

their under parts. Fig. 240 represents the appearance of the 

upper boundary of a nursery taken from a nest of Termes angus- 

ta'tns. The small white bodies, mentioned above, have dis¬ 

appeared : the mycelium of the fungus, though not shown in the 

* Tra7is. y. York Ac. viii. 1889, p. 91. ^ Co7igr. intcrmt. Zool. ii. 1892, p. 249, 
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figure, is still visible on the specimen from which it was drawn, 

and gives rise to a whitish, glaucous appearance. 

In Auirious parts of the world nests formed on trees bj" Termites 

are to be seen ; these tree nests are, it would appear, in some cases 

only parts of a commuidty, and are connected with the main body 

by galleries. In other cases nests are formed in various positions of 

advantage; Messrs. Huljbard and Hagen have given us an account ^ 

of some of these—prtfi^ably the work of Euiermes Tip])erti—as seen 

in Jamaica. They describe the nests as spherical or conical masses, 

looking externally as if composed of loamy earth ; they are placed 

on trees, fences, or walls; they vary in size from that of a man’s 

fist to that of a hogshead; they a])pear to be composed of finely 

comminuted wood fastened together by saliva. These nests are 

formed on the same princi})le as those of the w’asps that make 

nests hanging to trees and bushes, as they consist of an external 

protecting envelope covering a comb-like mass in the interior. 

At the bottom of the nest there is a covered gallerv leading to 
O t/ O 

the earth, where the main nest appears to be situate; galleries 

also are constructed so as to lead to the tops of trees and other 

places, in such a manner that the Termite can still keep up its 

peculiarity of working and travelling in tunnels and yet roam 

over a large area; the activity of these Termites continues day 

and night. In each nest there is a queen, who lays eggs that 

are removed by the worker Termites to the bottom of the nest. 

The young are fed on a prepared food, consisting apparently of 

comminuted vegetable matter, of which considerable masses are 

laid in store. Some of the nests are rich in containiim manv 
O V 

pounds’ weight of this material, while others are apparently quite 

destitute of it. There is a soldier form and at least two kinds of 

workers. Some species of true ant frequently shares the nest of 

these white ants, but on what terms the two kinds of Insects live 

together is not stated. 

Termite Ravages.—In countries whose climate is favourable 

to their constitutions certain kinds of Termites l)ecome of sireat 

importance to uur (.)wn species. Owing to their taste for woody 

matter and to their habit of working in concealment, it is no 

unccmimon thing for it to I)e discovered that Termites have 

ol)tained access to a Iniilding and have practically destroyed the 

wooden materials used in its construction ; all the interior of the 

' /'. Boston Soc. xix. 1878, ji. 267 ; and xx. 1881, p. 121. 
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wood being eaten away and only a thin outer shell left intact. 

A Termite, T. tenuis, was introduced—in what manner is not 

certainly known^ — to the Island of St. Helena, and committed 

such extensive ravages there that Jamestown, the capital, was 

practically destroyed and new buildings had to he erected. Other 

such cases are on record. Destructive species can sometimes he 

destroyed by placing in the nests a portion of arsenicated food. 

This is eaten by some individuals, who perish in consequence; 

and their dead bodies being consumed by their comrades, the colony 

becomes checked if not exterminated. 

The number of described species of Termitidae does not much 

exceed, 100, but this is certainly only a small portion of those 

existing, the total of wdiich may probably reach 1000 species. 

Termitidae are classed by some naturalists with the Orthoptera, 

and they have a great deal in common with some of the cursorial 

division of that Order, more particularly Forficulidae and Blattidae; 

but they differ from Orthoptera in the nature and form of the 

wings. They are also classed by some, with a few other forms, as 

a separate Order of Pseudo-Heuroptera called Corrodentia, but this 

is not a very satisfactory course, as the Termitidae do not agree 

closely with the forms associated with them, while the aggregate 

so formed is far from being very distinct from other forms of 

ISTeuroptera. On the whole the best plan appears to be to treat the 

Termitidae as forming a distinct family of the Order ISTeuroptera, 

or to make it a distinct Order, as proposed by Grassi. Packard 

now associates Termites in an Order with the biting-lice, and 

calls it Platyptera. 

Fossil Termites.—Termitidae were very abundant in Tertiary 

times, and the genera appear to have been then much the same as 

at present. In Mesozoic strata the remains of true Termitidae 

apparently exist in the Lias in Europe, but farther back than 

this the family has not been satisfactorily traced. It was formerly 

supposed that Termitidae existed in the Carboniferous strata, but 

this appears to be very doubtful; and the fossil remains of that 

epoch, which were presumed to be those of Termites, are now 

referred by Scudder and others to the Heuropteroid division of the 

Order Palaeodictyoptera, an Order which is formed entirely of 

Palaeozoic fossil remains. 

^ According to Melliss, it is thought that the Insect may have been carried to 

the island in a captured slave-ship. Melliss, St. Helena, 1875, p. 171. 



CHAPTER XYII 

NEUEOPTERA CONTINUED-PSOCIDAE (BOOK - LICE AND DEATH- 

WATCHES)-THE FIRST FAMILY OF AMPHIBIOUS NEUROPTERA 

(PERLIDAE, stone-flies). 

Fam. IV. Psocidae—Book-Lice, Death-Watches. 

Minute Insects with slender^ thread-like, or hair-like antennae; 

four delicate membranous vAnys, the front 'pair of which are 

the larger; their neuration is not 

abundant and is irregular, so that 

the cells are cdso irregularly ar¬ 

ranged; the transverse ■nerrules are 

only one or tu:o in number} Pro¬ 

thorax very s-mall, in the winged 

Fig. 2n.-Psolus concealed beticcen the 
England. (After M'Lacliiau.) head and the large mcsothorax ; this 

latter closely connected with, or fused- 

vAth, the metathorax. Species quite wingless, or with wings 

%infi-tted for flight, exist; mi them- the qorothorax is not so ex¬ 

tremely small, ivhile the mesothorax is smaller than in the 

winged forms. Tarsi of two or three segments. Jletanwrqdiosis 

slight, marked chiefly by the development of wings and ocelli. 

The Psocidae are without exception small and soft-liodied Insects, 

and are only known to those who are not entomologists hy the 

wingless forms that run aliout in uninhabited or quiet apart¬ 

ments, and are called dust-lice or book-lice. They are perhaps 

more similar to Termitidae than to any other Insects, but 

the two families differ much in the structure of their wincfs, and 

are totally dissimilar in the nature of their lives. 

' III some exotic species there is a dense network on a ])art of the anterior wing. 
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The antennae consist of eleven to twenty-five joints, or even 

more, about thirteen being the 

usual number; the basal two are 

thicker than the others, and are 

destitute of setae or pubescence 

such as the others possess. The 

maxillae and labium are remark¬ 

able. The former possesses a 

peculiar hard pick or elongate 

rod; this is considered by many 
naturalists to be the inner lobe, Fig. 242.—Trcansverse liorizontal section 
1 , -r^ ,1 • 1 ‘i 1 of head of Fsocus: /. fork or pick ; 
blit BuigGSS tlllllks it niOlG piob- lingua ; mXj left maxilla ; c, cardo ; 

ably an independent organ,^ as it muscles; m.s, socket 
, ■ P 1 • n of mandible. 
has no articulation ol any kind 

with the outer lobe. The latter is remarkably thick and fleshy; 

the palpus is 5-jointed. Other 

authorities consider the pick to 

be certainly the inner lobe; if 

it be not, the latter is quite 

Hagen agrees with 

in stating that the 

pick slides in the outer lobe as 

in a sheath. The labium has 

a large inentum and a ligula 

divided anteriorly into two lobes; 

at each outer angle in front 

there is a globular projection, 

which is doulitless the labial 

palpus; reposing on the labium 

there is a large free lingua. 

The labruni is large, attached 

to a distinct clypeus, behind 

there is a remarkable 

is usually 

wanting. 

Burgess 

Fig. 24-3. —A, Front of bead of Psocus hetero- -whicll 
moriihus ; d, post clypeus ; g, epicran- . , . , 
iuni : B, transverse horizontal section post-cl} peus, wllicll 
of post-clypeus of Psocus: d, post- pi'omiiieut as if inflated; to its 
clypeus ; c.m, clypeal muscles ; g, epi- 
craIlium ; t, tendons ; l.m, labial mu.scle in inner face are attached several 
section ; oe, oesophagus ; oe.b, oesopha- ij^scles wlllcll converge tO be 
gealbone. (After Burgess and Bertkau.) . i i i 

inserted on a plate placed below 

the anterior part of the oesophagus, and called by Burgess the 

1 P. Boston Soc. xi.x. 1878, ji. 292. 
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oesophageal hone; \inder or within the lingna there is a pair 

of lingual glands. Judging from Grosse’s study of the mouth 

of Mallophaga, we may conclude that the oesophageal hone will 

prove to be a sclerite of the hypopharynx. The eyes of the 

winged forms are frequently remarkably convex, and there are 

also three ocelli, triangularly placed on the vertex. The head 

is free and very mobile. The coxae are rather small, exserted, 

contiguous; the sterna small. The aljdomen has usually ten 

segments, though sometimes only nine can he detected. 

The thorax in Psocidae usually looks as if it consisted of 

only two segments. This is due to two opposite conditions: (1) 

that in the winged forms the prothorax is reduced to a plate 

concealed in the fissure between the head and the mesothoi'ax 

bearing the first pair of wdngs; (2) that in the wingless forms 

(Fig. 247), though the prothorax is distinct, the meso- and meta¬ 
thorax are fused into one segment. 

The internal anatomy is only very incomj)letely knowm. 

Nitzsch ^ has, however, described the alimentary canal and the 

reproductive organs of Clotliilla lyulsatoria. The former is 

Fig. 244.—Reproduc¬ 
tive organs of Clo- 
thilla pulsatoria. 
A, Male ; a, vesi- 
culae seminales ; h, 
testes ; c, vasa de- 
ferentia; d, ejacu¬ 
latory duct. B, 
Female ; a, b, egg- 
tubes ; c, oviduct ; 
d, uterus, coiitain- 
ing egg ; e, acces¬ 
sory gland (the en¬ 
veloping sac in sec¬ 
tion) ; its duct. 
(After Nitzsch.) 

remarkably simple: no proventriculns or crop was found; the 

stomach is very elongate, and consists of a sac-like anterior 

portion and an elongate, tubular posterior part. There are four 

Malpighian tubes. The posterior j)art of the canal is remark¬ 

ably shoi’t, the small intestine being scarcely as long as the 

rectum. The ovaries (Fig. 244, E) con.sist of five egg-tuhes on 

each side ; connected with the oviduct there is a peculiar acces- 

sory gland consisting of a sac containing other small sacs each 

' Geniiar, Mag. Entomol. iv. 1821, p. 276, pi. ii. 
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with an elongate efferent duct; the number of the secondary 

sacs varies from one to four according to the individual. The 

testis (Fig. 244, A, b) is a simple capsule; connected with the 

base of the ejaculatory duct there is a pair of elongate accessory 

glands or vesiculae seminales. 

The life-history has never been satisfactorily sketched. The 

young greatly resemble the old, but have no ocelli or wings, and 

sometimes the tarsi are of two joints, while in the adult they 

have three. The antennae have also in these cases a less number 

of joints in the young stage. The food is animal or vegetable 

refuse substances; many live on fungoid matter of various kinds, 

mouldy chaff being, it is said, a favourite pabulum; the mould 

on palings is a source of food to many; others live on the rust- 

fungi of leaves, and many frequent the bark of trees. They are 

able to spin webs, probably by the aid of the lingual glands; 

the eggs are deposited, in some cases, on leaves and covered with 

a web. Hagen says that a peculiar organ, ^jossibly a gland—he 

calls it a hose —exists at the base of the tarsal claws. In our 

climate most of the species pass the winter in the egg-state. 

There may be two generations in a year, perhaps more. 

The nomenclature of the wing-veins of Psocidae has given 

rise to much discussion.^ The 

system shown in the accom¬ 

panying figure is probably the 

most convenient; the subcos¬ 

tal vein (2) is always obscure, 

and sometimes can only be 

detected by very minute ex¬ 

amination. Some interesting 

information as to the minute 

structure and mode of forma¬ 
tion of the wings and their nervures has been given by Hagen.^ 

In the young the wings first appear as buds, or outgrowths 

of the sides of the meso- and meta-thorax; afterwards the pro¬ 

thorax decreases, while the other two thoracic segments and 

the wing-rudiments attached to them increase. The wings 

from their very origin appear to be different from those of the 

Orthoptera, and the changes that take place in the thoracic 

Fig. 245.—Anterior wing of Elipsocus hrevi- 
stylus. (After Reuter.) 1, Costal vein ; 
2, subcostal ; 3, radial ; 4, cubitus ; 4a, 
branches of cubitus; 5, sector of the radius ; 
5a, forks thereof. 

Psyche, iii. 1881, p. 196. ^ Kolbe, Stettin, ent. Zeit. xli. 1880, p. 179. 

^ Op. cit. p. 209, etc. 



394 NEUROPTERA CHAP. 

segments in the course of the development, differ from those 

that occur in Orthoptera. 

There are several peculiarities connected with the wings. 

Trecj^uently tliey exist, 

though of no use for 

flight; some Psocidae that 

have perfectly - forme 1 

wings are so reluctant to 

use them that, M'Lachlan 

says, they will allow them- 
Fig. 246.—Micropterous form of Mesnpsocus uni- selves to be crushed with- 

punctatus. a, a, Wings. (After Bertkau.) i i 
out seeking to e.scape by 

flight. At certain periods, however, some Psocidae float on 

the wing in considerable numbers, especially in a moist still 

atmosphere, and then drift about like the winged Aphididae, 

which are frequently found with them. There is evidence 

that individuals, or generations, of some of the winged species 

occur with only rudimentary wings; although this has been 

denied liy Kolbe, there can be no doubt aliout it. The form 

figured above (Fig. 246) was described by Bertkau^ as a dis¬ 

tinct genus, but was afterwards recognised liy him ^ to fie a 

short-winged form of Mesopsocus unipunctatus. It is probalile 

that the adult female of this species has the wings always 

micropterous, while the male has these organs of the full size. 

In other species the condition of the rudimentary wings seems to 

be quite constant. The facts concerning the wings of Psocidae 

are so peculiar that Kolbe came to the conclusion that the 

organs exist not because they are of use for flight, so much as 

because it is the nature of an Insect to develop wings.^ 

Some of the species of Psocidae have never any trace of wings. 

These apterous forms are mostly included in the division 

Atropinae, and are usually very minute.; it has been again ami 

again erroneoTisly stated that they are the young state of winged 

forms. Hagen kept a large colony of Atropos divinatoria for 

some years in confluemeut, so that he saw numerous generations 

as well as many specimens. He found the apterous condition 
quite constant. 

' Arch, f- Naturg. xlix. i. 1883, ji. 99. 

^ Verh. Ver. Jiheinland, xxxix. 1882, Corr.-1)1. p. 128. 

* Berlin cnt. Zeit, xxviii. 1884, p. 36. 
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The association of ocelli with wings is nearly constant in 

Psocidae. The genus Clothilla—allied to Atrojws—possesses 

very rudimentary wings but no ocelli. Hagen, however, found ^ 

that in a certain locality no less than 12 per cent of the indi¬ 

viduals of this species were provided with ocelli,—a most extra¬ 

ordinary variation. 

In some of these apterous forms there is found on each side 

of the prothorax a tubercular prominence which, according to 

Hagen, can he considered only as the rudiment of a wing that 

never develops. Though no existing Insect is known to possess 

rudimentary wings on the prothorax, we have previously men¬ 

tioned (p. 344) that in the Carboniferous epoch appendages of 

the nature alluded to were not A’ery rare. 

A genus of living forms—Hyjjeretes—in which the three 

thoracic segments are well developed, hut in which there are no 

alar appendages or rudiments, is considered by Hagen to l^e more 

primitive than the Psocidae found in amber to which we shall 

subsequently allude. 

Tlie number of described species of Psocidae does not reach 

two hundred; we have, however, thirty species or more in 

Britain.^ Nietner observed aliout the same number in the 

immediate vicinity of his house in Ceylon. The isolated and 

remote Hawaiian group of islands is remarkably rich in Psocidae. 

Two thousand is a moderate estimate of the numlier of existing 

species. The largest forms yet discovered belong to the Brazilian 

genus Thyrsophorus; they attain, however, a breadth of only 

aliout one inch with the wings fully expanded. The Cuban 

genus Emhiclopsocus is said to he of great interest from its 

approximation to Embiidae. It is at present very inadequately 

known. 
One (or more) very minute Insects of this family—Clothilla 

pidsatoria according to Hagen, Atropos ® divinatoria according to 

some other authors—is widely known under the name of the 

death-watch, owing to its being lielieved to make a peculiar 

1 Stettin, ent. Zeit. xliv. 1883, pp. 299, 305. 

2 For the British species, see M'Lachlan, Ent. Month. Mag. iii. 1867, p. 177. 

“ The genera Atropos and Clothilla were named after the two fates Atropos and 

Clotho. Westwood attempted some years ago to complete the trio by establishing a 

genus Lachcsilla. This proved a failure, the genus lieing a misconception. As the 

name Lachesis is in use in various branches of zoology, the desired circle of Psocid 

fates is likely to remain always incomplete. 
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ticking nuise, ,sn])posecl to Ije prophetic ot the decease ot some 
indivi(h;al—a human being we fancy, 

not a deatli-watch. It is ditiicult 

to believe that so minute and soft an 

Insect can produce a sound audible to 

liuman ears, and many entomologists are 

(»f opinion that the sound in c^uestion 

is really produced by a Ijeetle—of the 

genus Anohium—which lives in wood, 

and that as the beetle may be concealed 

in a hole, while the Clotliilla is .seen 

running about, the sound is naturally, 

though erroneously, attriljuted to the 

Fig. 247.—a, Atrojios divinu- latter. But the rapping of the 
is well known, is produced while 

the Insect is at large, and is said to be 

a different noise from that of the Psocid; evidence too has been 

given as to the production of the sound in a workbox when the 

Psocid was certainly present, and the most careful search failed 

to reveal any beetle. 

The Piev. W. Derham, who two hundred years ago was Eector 

of Upminster, in Essex, and was well known as a distinguished 

writer and philosopher, gave an account of the ticking of death- 

watches to the Eoyal Society.^ This gentleman was a most 

accurate and minute observer; he was well acc[uainted with the 

ticking of the greater death-watch — Anohium — ■which he 

describes very accurately, as well as the acts accompanying it, 

the details he mentions being exactly such as occur at the present 

time. He not only heard the ticking of the Psocid or lesser, 

death-watch, but repeatedly witnessed it. He says ; “ I am now 

so used to, and skilful in the matter as to be able to see, and 

show them, lieating almost when I please, by having a paper 

with some of them in it conveniently placed and imitating their 

pulsation, which they will readily answer.” He also states that 

he could only hear them Ideating when it was done on papier, and 

that this death-watch will tick for some hours together without 
O 

intermission, with intervals between the beats, so that it much 

resend lies the ticking of a watch. The act of tickin" was accom- 
O O 

1 ridl. Trans, xxii. 1701, ]i}i. 832-834 ; and xxiv. 1704, pji. 1586-1594, Plate 291, 

Figs. 4, 5 (jip. 1565 to 1604 owur twice in this volume). 
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paniecl by rapping the front of the head on the paper, hut ]\Ir. 

Derham could not be sure that the sound 

was produced in that manner, liecause each 

stroke was also accompanied by a peculiar 

shudder, or recoil. After a prolonged tick¬ 

ing he observed that another individual of 

the other sex made its appearance. The 

species figured by Mr. Jderham more 

resembles a Hyperetes than it does either 

of our two known book-lice, AtropOS and Fig. 248.—The le.sser deatli- 

Clothilla. watcli of Upmiuster. 
■ p T, • 1 (After Derham.) A, inasi- 

.N umerous species of rsocidae are pre- tied ; B, natural size, 

served in amber; Hagen has made a 

careful study, based on a considerable number of specimens, 

of about thirteen such species. They belong to no less than 

nine genera and five sub - families. Sphaeropsocus is the most 

remarkable; this Insect has a well - developed prothorax, as 

is the case in the wingless 

Psocids, and a pair of large 

wings or tegmina meeting 

by a straight suture along 

the back, as is usual in 

lieetles, though quite un¬ 

known in existing l*socidae. 

Another species, Amphiento- 

rnum has the 

body and appendages covered 

with scales like a butterfly 

or moth ; other species, found 

in gum-copal or still liv¬ 

ing, have scales on various 

parts of the body, Imt not to so great an extent as this amlier 

species. The genus Ampliientomum is still represented in Ceylon 

and elsewhere by living forms; Packard has figured some of the 

scales ; “ they appear to lie extremely similar to those of Lepi- 

doptera or Thysanura. The facts connected with this fauna of 

amber Psocidae would seem to show that the family was formerly 

more extensive and important than it is at present; we should 

therefore expect to find numerous fossil forms in strata of date 

1 Stettin, ent. Zeit. xliii. 1882, p. 26r>. - R Boston Soc. xiii. 1871, p. 407. 
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anterior to that of the ainl)er; Init this is not the case, all that 

is known as to fossil I’socidae being that Scndder has recently 

ascribed traces of an Insect found in tlie Tertiary rocks of Ltah 

to this family as a distinct genus. 

Fam. V. Perlidae. 

Insects of moderate or large size, f nrnisJied loith four ineinhranous 

wings; these are usually cornpleody reticulate ; the hind parr 

are much the larger, and have a large anal area of more 

simple venation, which becomes p}licate when folded. The 

coxae are small, the legs widely sepiarated. The larvae are 

aquatic in habits; the metamorphosis is slight. 

Fig. 250.—Pteronarcys frigida, mcile. (After Gerstaecker.) 

The Perlidae form a small family of Insects unattractive in their 

general appearance. The life-history of each individual consists 

of two al)ruptly contrasted })ortions; the earlier stage being 

entirely acpiatic, the later aerial. Hence the Perlidae come into 

the amphihious division of Neuroptera. The definition we have 

given aljove would, except as regards the texture of the front 

wings and the apuatic habits of the larvae, apply to many 

Insects of the Order Orthoptera. The Phryganeidae, another 
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family of Neuroptera, have acpiatic larvae and wings somewhat 

similar in form to those of the Perlidae, hut the memliers of the two 

families cannot be confounded, as the Phryganeidae have hairy 

front wings and large and contiguous coxae. 

The antennae of the Perlidae are long, very flexible, and com¬ 

posed of a very large number of joints. The parts of the mouth 

vary a good deal. The mandibles and maxillae are usually rather 

small, and all the parts of the mouth are of feeble consistence or 

even membranous; the maxillary palpi are, however, well developed 

and exserted from the mouth, flve-jointed. The labium is short 

and hut little conspicuous. The mandibles in some forms are 

almost membranous, hut in other genera they are firmer and are 

toothed. The labium is composed of a very large mentum, beyond 

which is a large piece, usually undivided, hearing the four terminal 

lobes; the three-jointed palpus is seated on the side of the large 

middle sclerite, Avhich is no doubt of composite nature. Con¬ 

siderable A’ariety as to the lower lip prevails. The head is broad 

and flat; there is an indistinctly-indicated clypeus, three— 

more rarely two—ocelli, and on each side an eye neither very 

large nor perfect. The prothorax is free, and has a flat, 

margined notum. The meso- and the meta-thorax are large, 

ecpial segments. The pro-, meso-, and meta-sternum are large 

pieces; between the first and second, and between the second 

and third there is an intervening membrane. The metasternum 

is much prolonged backwards, and has on each side a peculiar 

slit; similar orifices exist on the other sterna (Pig. 254, o). 

Newport, who has examined them in Pteronarcys, says that they 

are blind invaginations of the integument; he calls them the 

sternal or furcal orifices.^ According to this naturalist these very 

peculiar openings pass into the body “ as strong bone-like tubes, 

diverging from the axis to the periphery of the body in the 

immediate vicinity of some of the principal tracheae, but that 

they do not in any way communicate with them, as they terminate 

abrupt!}" as caecal structures.” He thinks them analogous with 

the endo-skeleton of otlier Insects; a view wliich cannot be con¬ 

sidered sufficiently established. Laboulbene states ^ that when 

Perla parisina is seized and })laced on its back, it does not move, 

but emits a lic|uid at the base of the articulation of the legs. 

' Tr. Linn. Soc. xx. 1851, p. 433. 

* Lull. Soc. ent. France (4), viii. 1868, p. xxxvii. 
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Fig. 251.—Perla maxima. 
(After Pictet.) 

Thi.s suggests that it may come from these sternal orifices. . The 

alidomeii consists of ten dorsal plates, the 

first Iteing short, and of nine ventral: 

the dorsal plates are much more ample 

transversely than the ventral. Prec^uently 

the hind body is terminated hy two long, 

many-jointed cerci, looking like antennae. 

The coxae are small, not prominent, and 

are directed outwards. The legs are 

slender, the tiliiae often grooved. The 

tarsi are three-jointed, terminating in two 

claws and a more or less distinct pad. 

In the genus Isoptei-ydi an auditory organ 

lias been described as existing in the legs, 

in a position similar to that of the analo¬ 

gous structures 

in Termitidae 

and Blattidae. 

The wings when closed repose fiat on the 

hack, and fold and overlap so that only 

one is seen (Fig. 251); in this state 

the costal portion of each front wing is 

turned downwards, so as to protect to 

some extent, the sides of the body. 

The early stages are known, lint have 

not been descrilied minutely, and there 

appears to be very little information as 

to the youngest life. All the species 

are, when immature, aquatic in tlieir 

habits; the larvae greatly resemble the 

perfect Insects in form, though diifering 

in not possessing wings and in the 

ocelli being merely ojiaque spaces. 

They have rather large compound eyes; 

the future wings are represented by 

lobe - like prolongations — varying in 

length according to age—of the meso- 

and meta-notum. In the. Xemourae the 

cerci are absent in the imago though 

])resent in the. young. The larvae of Perlidae are carnivorous 

Fig. 252. — Perla sp., nymph, 
showing tracheal gills. Pyre¬ 
nees orientales. 
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iiig orifices 

iiitegiuiieiit 

and are able to swim well, the legs lieing provided with al)undant 

swimming hairs; they, ho\vever, as a rule, prefer to walk at the 

bottom of the pool, or on rocks or boulders in the water they 
live in. 

One of the most peculiar features of the Perlidae is their 

respiratory system. Unfortunately the greatest differences of 

opinion have prevailed on various matters in connexion with this 

suliject, and there are several points about which it is not possilile 

at present to express a decided opinion. 

The larvae haA'e no stigmata; it appears to be generally 

agreed that there is in them no means 

of admitting air to the tracheal system 

by means of orifices. Some ])reathe 

entirely through the integument, the pro¬ 

cess Ijeing, aided liy the accumulation of 

tracheae at the spots where the 1)reath- 

shonld lie, and where the 

is more delicate. Others, 

how'ever, possess gills in the form of pro¬ 

truded bunches of filaments, connected 

with tracheae in the manner shown in 

Tig. 253. These filamentous branchiae 

occur in numerous species of the family, 

and are situate on various parts of the 

body, but many species are destitute of them in genera, other mem¬ 

bers of which possess the filaments. In some Xemourae instead 

of bunches of filaments there are tnliular projections on the pro- 

thoracic segment; and in iJidyoptcryx sigruda similar structures 

occur even in the cephalic region, Hagen stating ^ that there exists 

a })air on the sul.)mentum and another on the membrane between 

the head and the-thorax. In the imago state, stigmata are present 

in the normal fashion, there being two thoracic and six abdominal 

pairs. In several species the filaments persist in the imago, so that 

in these cases w'e meet with the curious condition of the coexistence 

of l)ranchiae with a well-developed and functionally active system 

of spiracles ; this is the more curious because the creatmes usually 

liave then nothing to do with the water, it having been ascer¬ 

tained that in these cases the species live out of the water as other 

terrestrial and aerial Insects do. These instances of persistence 

Fig. 253.—Traclieal gill ami 
portion of a trachea of Ptero- 
narcys. (After Neiv^iort.) 

0 D VOL. V 

’ Zool. Anz. iii. 1880, p. 304. 
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of l)raucliiae during the aerial life have been the source of some 

])erplexity; the condition was shown to exist 

in Fteronarcys hy Newport, and has since 

Iteen demonstrated in various other forms. 

Newport believed that the imago of Ftero- 

narcys breathes hy means of the gills, 

although it lives out of the water and 

])Ossesses spiracles; and he informs iis that 

Mr. Barnston uliserved the Insect when on 

the wing “ constantly dipping on the surface 

of the water.” Hence Newport concluded 

tliat Fteronarcys in the winged state is “ an 

amphibious animal.” That a Avinged Insect 

should live in the air and yet breathe hy 

means of gills W(juld he truly extraordinary, 

a,ml there can 1)e little doulT that Newport’s 

idea was erroneous. Hagen ^ was able to 
Fig. Uniler siile of examine living imagos of the siiecies in ques- 

body of Pteronarcys , c i i i i i 
reijalis, imago. (After tioii. He louiid that they aA'Oldcd the 
Newport.) g, Tra- i^yater, ail’d though he iilaced some indi- 
clieal gills ; o, sternal _ , ° . 
oritioes. viduals therein, yet they did not use the 

gills. He also informs us that the liranchiae 

have, during life, a shrivelled appearance, indicating that they 

are not functionally active, hut are merely useless organs carried 

over to the imago from the preAuous iiistar, in Avhich they were 

truly the means of obtaining air. Hagen also ascertained that 

the spiracles of the imago are in a normal state, being adapted 

for breathing, even as far hack as the seventh alidominal 

segment. 

Great difference of opinion has prevailed as to the relations 

of the branchiae to the stigmata, it having been contended that 

the falling off of some of the hranchiae left the stigniatic orifices. 

The facts appear to be only consistent with the conclusion that 

the two are totally independent organs. I'his subject has been 

investigated liy I’almen," who finds that in Berlidae—contrary 

to what occurs in may-flies—the species are either entirely 

destitute of gills, or these organs are persistent throughout 

life. It is not to Ijb inferred from this that the gills in the 

^ Stettin, ent. Zcit. xxxviii. 1877, p. 4S7. 

^ Morphologic dcs Trachcciu:ystems, Helsingfors, 1877, p. 21. 
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pereunibrancliiate PerlicUie are as conspicuous as they are in 

the exceptional Ptcronarcys: for it appears that at the final 

moult the gills usually become very 

much contracted and concealed liy the 

new integument; in some cases they 

merely appear as slight prominences 

in the neighbourhood of the stigmata. 

Pictet, Dufour, ISTewport, and Imhof ^ 

liave studied the internal anatomy. The 

alimentary canal is remarkable for the 

enormous oesophagus; there is no dis¬ 

tinction between this and the crop. A 

proventriculus is quite absent, and there 

are no chitinous folds in the position it 

usually occupies. The true stomach is 

small, and only commences in the fourth 

a.bdominal segment. It has a prolonged 

lolje on each side in front, and in 

addition to this eight sacs; thus there 

are formed ten diverticula, fastened to 

the posterior part of the oesophagus liy 

ligaments. The terminal portion of the 

stomach is small, and apparently only 

distino-uished from the short intestine 
O 

by the point of insertion of the Mal¬ 

pighian tubes; these vary in numljer 

from about twenty to sixty. There are 

two pairs of large salivary glands. In 

Fteronarcys the caecal diverticula of the 

stomach are wanting. In some Perlidae 

tlie terminal parts of the gut are more 

complex than in Ferla maxima; New¬ 

port figures both an ilium and colon 

very strongly differentiated, and states 

that these parts differ much in Ferla and Ftcroyamjs. Accord¬ 

ing to him the stomach is emhraced by a network of tracheae, 

and Inihof tells us that he found the stomach to contain only air. 

The brain is small, but, according to Inihof, consists of four 

amalgamated divisions; the infra-oesophageal ganglion is small, 

1 Beitr. Ancit. Ferla maxima. Iiiaug.-Diss. Aarau, 1881. 

Fig. 256.—Alimentary canal ami 
outline of body of Ferla 
maxima. (After Inihof.) I, 
Upper lip ; mh, buccal cavity; 
up, common termination of 
salivary ducts ; 0, oeso¬ 
phagus ; s, salivary glands ; 
ag, duct of salivary gland ; 
6, anterior diverticula of 
stomach ; Ig, their ligaments 
of attachment ; mp, Malpi¬ 
ghian tubes ; r, rectum ; af, 
anal oriiice. 
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and placed A'eiy near the hrain. There are three thoracic and 

six alidoininal wanolhi on the 

ventral chain. Tlie nein’es 

to the Avings are connected 

with the longitudinal coni- 

niissiire.s of the A'entral chain 

liy jieculiar, ohli(piely-placed, 

short conuuis.sures. Tlie repro¬ 

ductive glands are peculiar, 

inasmuch as in each sex 

the pair of principal glands 

is connected together in the 

middle. The testes thus forni 

an arch consisting of a large 

numlier of suli-sidierical or 

pear - shaped follicles : the 

A'asa defereutia are short in 

Verla laaxirna, and there are 
Fig. 256.—The iiair of uuiteil ovaries of Perla ■ ^ i , 

maxima: o, egg-tubes ; or, oviiluot ; r, re- A esiculae SeiUinaleS , tile 
ceptaculum seniiiiis concealing the orifice of ejaCulatol’A" duCt is diA’ided 
the duct and an accessory gland. •' ^ i t 

into three parts by constric¬ 

tions. In Pteronarrys and in Perla Incaudafa, according 

Xewport and iJufour, the A'asa defereutia are 

tortuous, and ther > are elongate A'esiculae 

seminales. The arrangement of the ex¬ 

tremely numerous egg-tul)es is amilogous to 

that of the follicles of the testes, so that, as 

liutour says, there is hut a single OA'ary ; 

connected Avith the short, unpaired })ortion of 

the OA'iduct, there is a large receptaculum 

seniinis, and near the terminal orilice of 

the duct there is in if maxiiiia, an eiulit- 

lohed accessory gland. 

The eggs are ])roduced l)y I’erlidae in 

enormous numliers: they are ratlier small, 

hut peculiar in iorm, and possc'ss at one 

('xtremity a mieropyle apparatus, coA'ered 

hy a glassy suhstance through Avhich Imhof 

could hud no orilice. On the other hand, the chorion on another 
part of the egg is pertorated by seA'eral canals. 

A'erA' lomf 
O 

to 

and 

Pig. 257. — Egg of Perla 
maxima. (.-After Imhof.) 
c, chorion ; d, oolenm ; 
//.S', glass-like covering of 
luicroiiyle apparatus ; !, 
cavity under same ; (j, 
canals jienetratiiig 
chorion. 
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The I’erlidiie being of a(|uatic halhts in their early stages, 

ami, notwithstamling their ample wings, very poor adepts in the 

art of hying, are rarely found at any considerable distance from 

their native element. They are specially fond of 1 mining water, 

and delight in the neighbourhood of waterfalls, or other s])ots 

where the current is lu'oken by obstacles so that a foaming water 

results. It is proliable that the larvae which breathe by means 

of gills find an advantage in living in strongly-aerated water. 

Mountain streams and torrents are therefore specially aflected by 

them; but Pictet informs us that they do not like the waters 

descending from glaciers. The food of the larvae is believed to 

lie chiefly young may-flies, or other small, soft creatures, and it 

may possibly be owing to the alisence of these that the I’erlidae 

do not affect the glacier streams. Although I’erlidae are remark¬ 

able for their capacity for enduring cold, it is possilde that they 

may recj[uire warmth of the water at some period of their 

development, and this the glacier-streams cannot offer to them. 

They are among the earliest Insects to appear in the spring in 

Europe. Mr. Barnston says that on the Alljany river in Canada 

the nymph of Capnia rermdis conies up fre(|uently in the cracks 

of the ice and casts its skin there; “ it frequently comes up 

wdien the thermometer stands at freezing.” Of JVeinoura glacialis, 

which inhaliits similar localities, he says that “ it appears in the 

spring (end of March or beginning of April) when the ice 

liecomes honeycombed, and even before then, at the same time 

as Captnia vrrnalis. It pairs in the crevices of decaying ice. 

The male has long antennae, and his wings are generally rumpled 

as if glued together.” Xewport entertained the idea that those 

Perlidae that live at low temperatures are of lower organisation 

than the other forms of the family. 

It is a reniarkalffe fact that several Perlidae frequently 

have—like Xemoura glacvdis—the wings of the male much 

reduced in size; this being the contrary of the rule tliat 

usually prevails among Insects to the effect that, when there is a 

difference in the powers of flight, or even in the size of the wings, 

it is the male that is superior. l\Ir. J. J. Lister met with a very 

interesting Perlid at Loch Tanna in Arrau at the beginning of 

April 1892. In this Insect, which is, according to Mr. 

M'Lachlan, a form of Isogenus nubecula, the wings of the female 

(Fig. 258, P>) are reduced to a size much less than those of ordinary 
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Peiiidae, wliile those of the male (Pig- 2.58, A) are mere useless 

rudiments. IVIortou has ])oiute(l out that in Scotland more 

than one species of Taetiioj^teryx occasionally produces micro- 

pterous males, and he associates this phenomenon with the early 
time of their appearance 

“ almost in winter.” ^ In 

A'evioura. trifusriaUi this 

reduction of tlie wings 

takes another hut ecj^tuilly 

curious form ; the hind 

wings of the male being 

long enough to cover the 

liody, while the anterior 

pair are reduced to mere 

laidiments. 

The phenomena of mi- 

Fig. 258.—Isngenus nubecvla, Loch Tamia. A, ClOpteiisill ill leilidcie aie 
Male ; A', wings of male more magnitied ; B, worthy of more de¬ 
wings of female. j -1 1 • 4.- 4.- AT 

tailed investigation. i\lr. 

Morton informs the writer that the male of Perla maxinia (Fig. 

251) in North Britain has the wings so short that they cannot 

he of any use as organs of flight. In Central Europe the wings are 

ample, as shown in our figure. In Perla ceplialotes the male is 

short-winged in 1 loth Britain and Central Europe; of the male of 

Pietyoptcvyx microcephcda only the micropteroiis form is known to 

exist. In Psogenns nuhccida (Fig. 258) it appears that the 

wings of the female are always more ample than those of the 

male of the same locality, and that local micropterism affects 

the two sexes iinecpially. Within the Arctic circle this Insect 

is usually of the. Scotch form, though the male there occasionally 

has more ample wings. 

It has been observed that in some Berlidae the eggs, after 

they have lieen extruded, are carried about liy the female ; for 

what reason is not at all known. They are said to l.)e enclosed 

in a nie)ul)ranous capsule at the apex of tlie abdomen. The 

uuml)er of eggs de])osited is sometimes very large, amounting to 

five or six thousand, and they are often of very minute size. 

Aliout twenty-four species of Perlidae occur in Britain.'^ The 

’ Entovx. Month. Mag. x.xix. 1893, p. 249. 

- No satisfactory systematic work of a general cliaraeter on Britisli Perlidae 
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species from all parts of the world existing in collections probably 

scarcely exceed two hundred. The insignificance of this nundiier 

is no doubt chiefly due to the fact that these unattractive Insects 

are rarely captured by collectors, and are so fragile that unless 

good care is taken of them, specimens soon go to destruction 

after being dried. Perlidae are known to occur in most parts 

of the world, so that the numlier of species really existing may 

reach two or three thousand. They are known to anglers as 

stone-flies and creepers and are a favourite liait for trout. 

The family in its character conies near to the Orthoptera, 

especially to the more simple forms of Phasmidae, but the two 

groups differ in the texture of the 

front wings and in the structure 

of the mouth-parts, as well as in 

the different proportions of the 

mesothorax and metathorax. Ac¬ 

cording to Pictet, in the Australian 

genus Eustlienia the trophi (Fig. 

259) approach nearer to those of 

the Orthoptera, so that it appears 

possible that a more intimate con¬ 

nexion will be found to exist as more 

forms are discovered. Of the groups 

we include in Neuroptera, Perlidae 

are in structure most allied to Sialidae, but the development in 

tlie two groups exhibits very important distinctions. Brauer 

treats the Perlidae as forming a distinct Order called ITecop- 

tera, a name applied to the family liy Burmeister many years 

ago. 
Several species of Perlidae, considered to belong to existing 

o’enera, have lieen found in amber. A fossil from the Eocene 

deposits in the Isle of Wight and another from the Miocene of 

Continental Europe are referred to the family. Brauer has 

recently described ^ some fossils from the Jurassic formation in 

East Siberia as forming three genera, now extinct, of Perlidae. 

B^ongniart informs us “ that several fossils have been found 

exists. References to the scattered de.scriptions and notes will he found in the 

Catalogue of British Neuroptera published by Entoin. Soc. London, 1870. 

1 Mc7p.. Ac. Pitersb. (7) xxxvi. No. Ifi, 1889. 

^ InscctcsfossUcs, etc., p. 407, 1893. 

Fio. 259. — A, Maxilla, B, labium 
of Eustlienia spectabilis. (After 

Pictet.) 
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in the Carboniferous strata of Coninientry that justify us in 

asserting that allies of Perlidae then existed. He considers these 

Carboniferous Insects' to have belonged to a separate family, 

I’rotoperlides. The fragments are, however, so small that we 

must await further information before forming a definite opinion 

as to these Ih'otoperlides. 



CHAPTEE XVIII 

AMPHIBIOUS NEUKOPTERA COXTIXUED-ODONATA, DRAGON-FLIES 

Fam. VI. Odonata—Dragon-flies. 

(libellulidae of some authors) 

Elongate Insects with very mobile head and large eyes, with small 
and incons'pictwus antennae ending in a bristle; with four 
elongate wings suh-egued in size and similar in texture, of 
papyraceous consistency and having many veinlets, so that 
there exists a large number of smcdl cells. All the legs placed 
more anteriorly than the wings. The earlier stages of the 
life are ciepucdic ; there is greed change in the appearance of 
the individued cd the fined ecelysis, hut there is no puped 
insteir. 

The dragon-flies form a very natural and distinct group of 
Insects. All the species are recognised with ease as belonging 
to the family. They are invariably provided with wings in the 
perfect state, and many of them are amongst the most active of 
Insects. Their anatomy is, in several respects, very remarkable. 

The head is large and is concave behind; it is attached to 
the thorax in such a way that it rotates on two cervical sclerites 
that project forwards, and in some cases almost meet in a point 
in li'ont; hence it possesses extreme mobility., the power of 
rotation being very great. 

The eyes are always large; in some cases they are even enoi’- 
mous, and occupy the larger part of the area of the head: the 
upper facets of the eye are in many cases larger than the 
lower, and in a few forms the line of division is sharply marked 
transversely. There are three ocelli, which, when the size of 
the compound eyes is not too great, are placed in the usual 
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manner as a triangle on the vertex; Init in the forms where 

the compound eyes are very large the portion of the head 

between is, as it were, puffed out so as to form a projection just 

in front of where the eyes meet, and one ocellus is then placed 

on each side of this projection, an antenna l)eing inserted rpiite 

close to it; the third ocellus is })laced in front of the projection 

Rig. 260.—Anax formosus, Britiiin. (After Migneaus.) (Tlie legs are not in a 
luitural position.) 

we have mentioned, Ity which it is often much concealed ; this 

anterior ocellus is in some cases of unusuallv larne size, and oval 
or transverse in form. 

The parts ot the mouth are very peculiar, especially the 

lower li}): we will briefly allude to its characters in the highly 

nnjdified forms, ])reniising that in the smaller and less actiA'e 

s])ecies it is less remarkahle. The Lil)ellulidae are carnivorous, 

their prey being living Insects which are captured by the dragon- 

lly on the wing; it is believed that the mouth is largely instru¬ 

mental in the cai)ture, though tlie tiight of these Insects is so 

excessively rapid that it is difficult, if not impossible, to verify 
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the action of the mouthpieces by actual observation, hor the 

purpose of securing the prey a mouth that can change its 

capacity to a considerable extent and with rapidity is a desider¬ 

atum, and these qualities are present in the mouths of those 

Libellnlidae that capture their prey while hawking. The upper lip 

is very mobile, is pendent, and closes the mouth above, while the 

lower lip entirely closes the under part by means of two mobile 

plates; these in some forms (Libelhda) meet together in the 

mesial line, while in others a third plate separates them in the 

middle (Fig. 2 61, B, H). These plates are, according to Gerstaecker’s 

view,^ portions of the much changed labial palpi, the part that 

separates them in Aeschna being the inner lobes of the labial max¬ 

illae ; in Libelhda, where the dilated and valve-like joints of the 

Fig. 261.—A, Maxilla 
of Libellula quad- 
rimaculata ; B, la- 
Ijiiiin of Aeschna 
grandis. p, p'. 
Palpus ; a, ter¬ 
minal spine of 
palpus ; c, cardo ; 
tjStipies ; s, squama; 
le, outer lobe of 
maxilla, partly 
covered by, li, 
inner lobe ; rn, 
nientnm ; r, inter¬ 
vening lobe. (After 
Gerstaecker.) 

palpi meet in the middle line, the labial lobes remain small and are 

overlapped by the dilated portions of the palpi. The maxillae 

proper (Fig. 261, A) are less peculiar, their chief character being 

that the inner and outer loltes are not separated, and that the palpus 

is of only one joint. Some entomologists take, however, another 

view of this structure, looking on the palp-like outer part {2^ of 

our figure) as the true outer lobe of the maxillae, the palpus 

proper being in that case considered to be entirely absent. The 

mandibles are very powerful, and armed with largely developed 

teeth. In the interior of the mouth there is a large, free, semi- 

membranous lingua, the posterior part of its delicate inferior 

lamina being connected with the mentum; the upper lamina of 

the lingua is stronger and is pilose. The antennae of the dragon¬ 

flies are always small, and consist of two stouter joints at the 

1 Festschrift Ges. naturf. Frennde Berlin, 1873. 
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l)ase, and a terminal ]>art which is very slender and pointed, and 

formed of four or five joints. 

Tlie prothorax iis always small; the pronotnm is distinct, 

thongh in some forms it is qnite concealed in the concavity of 

the l)ack of the head ; the sternnm is small; tlie anatniny of the 

])leura and hasal pieces of the legs is oliscure. 

The meso- aiul meta-thorax are very intimately comliined, 

and their relations are such that the former is placed much 

above the latter. This 

■|)eculiarity is carried to its 

greatest extent in some of 

the Agrioninae (Fig. 262, 

A), where not only are 

the wings placed at a 

considerable distance l:)e- 

liind the three pairs of 

legs, but also the front 

pair of wings is placed 

almost directly above the 

hind pair. In the Anisop- 

terides these peculiarities 

are much less marked 

(Fig. 262, B), nevertheless 

even in them the three 

pairs of legs are placed 

(piite in front of the wings. 

This peculiar structure of 

the wing-l.)earing segments 

Firj. 262.—A, Atjrioti piilchelhim, natural size ; B, is accompanied by all 

-feveiopmea „f 

the pleura, which, indeed, 

actually form the larger part, if not lu-arly the whole, of the 

Iroiit region of the. dorsal aspect of tliese two segments. AVe 

shall not enter into more minute particulars as to the struc¬ 

ture of the thorax, for difference of opinion prevails as to the 

interpretation of tlie parts.^ The a,bdonien is remarkalile for 

its elongation ; it is never liroad, and in some genera—Mccisto- 

Ijastcr, c.ij.—it attains a lengtli and slenderness which are not 

’ Reference may he made to Calvert’s recent paper introductory to the study of 

Odonata, in Tr. Avier. cut. Soc. xx. 1893, pp. 159-161. 
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reached hy any other Insects. It consists of ten segments and 

a pair of terminal calliper-like or llap-like processes of A'ery 

various sizes and forms. 

The wings of the dragon-flies are iisualh’ transparent and 

provided with a multitude of small meshes. The hind wings 

are about as large as the front pair, or even a little larger; the 

main nervures have a sul)-parallel course, and are placed in 

greater part on the anterior region of each wing. The relations 

of the more constant nervures and the cells of which they are 

parts form a complex sidp'ect, and are amongst the most im¬ 

portant of the characters used in classifying these Insects. The 

wings are always elongate in comparison to their breadth and 

have no folds; they are held partially extended, or are placed 

so as to project backwards, or backwards and outwards. They 

exliilut another peculiarity, inasmuch as the front or costal 

margin is slightly uneven before or near the middle, giving 

rise to an appearance such as might result from the lu’eaking 

and subsequent mending of the marginal rib at the spot in 

question, which is called the nodus. In some forms a peculiar 

character exists in the shape of a small opaque space called the 

memliranule, lying close to the body of the Insect in the anal 

area of the wing, as shown in Tig. 2GO. 

The legs are slender and are chiefly remarkalile for the 

beautifid series of hair-like spines with which they are armed, 

and which in some forms {e.g. Platgcnemis, Tig. 204} are of 

considerable length, believe that the legs are of great 

importance in capturing the prey, they being held somewhat 

in the position shown in Tig. 2G2, C. The tarsi are three- 

jointed. In the male of Lihellago cahgata the legs exhil)it a 

remarkable condition, the tilflae being dilated, and on the upper 

side of a vivid red colour, while below they are ■svliite. This 

coloration and form are each unusual in the family. The male 

of Phdycneinis 'pemiipes, a British s]^)ecies (Tig. 2G4), shows a. 

similar dilatation of the til)iae, Imt to a less extent and without 

any great difference in the colour of the tw(» faces of the dilata¬ 

tion. This dilatation reaches its maximum in Psilocneviis 

dilatipes M-'Lach. The position of the legs in relation ti» 

the other parts of the body is peculiar to the dragon-flies; the 

legs seem to be unfit for walking, the Insects never using them 

for that purpose. 
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Several peculiarities in the internal anatomy deserve notice. 

The alimentary canal in Lihcllula is about as long as the body, 

the oesophagus and chylitic stomach being elongate, while the 

intestine is short and divided into only two parts ; there is no 

detinite proventriculus. The Malpighian tubules are shorter 

than Tisual; they are al)out forty in numl)er. The male has no 

vesiculae seminales; the vasa deferentia are elongate, and the 

ejaculatory duct is very short, being in fact merely a common 

sinus formed by the terminations of the vasa deferentia. The 

opening of this duct is situated on the penultimate ventral plate; 

the organs of intromission are, however, placed much anterior 

to this, on the under side of the second segment. The mode in 

which the fertilising fluid is transferred from the ninth to the 

second segment is not well understood, hut it is known that 

the abdomen is flexed by the Insect so as to firing the idnth 

ventral plate into contact with the second. The three thoracic 

ganglia of the nervous chain are all contiguous, though not 

completely amalgamated; the abdominal ganglia are seven in 

number, and are all separated, the terminal one being larger than 

the others. Dufour, after repeated dissections, was unalde to find 

any salivary glands, but Olga Poletajewa ^ states that they exist. 

The Odonata must he ranked among the most highly- 

organised Insects so far as external structure and powers of 

locomotion are concerned; the peculiar modifications of the 

thoracic segments and the relative positions of the wings and 

legs mark a great departure from the normal type of Insect 

structure. Their prey consists of living Insects, which they cap¬ 

ture on the wing by their own superior powers of flight. They 

destroy a great many Insects, their a],)petite for food being, as in 

the cases of the Mantidae and of the tiger-beetles, apparently 

almost insatialile. They are admirably constructed for the pur¬ 

poses of their predatory lives; they fly with great swiftness and 

change the direction of their flight with admirable facility. 

They are, however, dependent on sunshine, and conceal them¬ 

selves in dull and cloudy weather. The larger Insects of the 

family belong to tlie division Anisopterides (Fig. 260, Anax 

fvrmoms), and some of these may, in our own country, usually he 

seen, in the bright sunshine of the summer and autumn, engaged 

in hawking in their favourite haunts. Tlaces where other Insects 

1 Honm Soc. cnt. Iloss. xvi. 1881, p. 3. 
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abound are naturally those most frequented; the glades of woods, 

country lanes and hedge-sides, the borders of streams and the 

margins of sheets of water are the places they most affect. They 

inspire the rustics with some feeling of fear, and hence have 

received the name of “ horse-stingers,” and in North America are 

called “devil’s darning-needles.” The aversion to dragon-flies 

may perha})S he due to their appearance, which is certainly, in 

the case of some of our species of Aeschna, Cordidegaster, and 

Gomidius, very remarkable, consisting of a dark ground-colour 

with bars and spots of vivid green or yellow, giving, it must be 

admitted, a peculiar, even savage appearance to the Insects. 

A\"hatever the reason may he, they are, it is certain, held in much 

fear, and it is difficult to induce a country lad to touch one even 

when it is captured and held by another person. The idea of 

dragon-flies being dangerous to anything hut their Insect victims 

is, however, entirely erroneous; they may be captured and 

handled without their inflicting any injury. It is probalde that 

the life of the imago may endure for several weeks if not months. 

It is known that Symi^ycna fusca—a common European though 

not British dragon-fly—hibernates in the imago state. 

In the case of the large dragon-flies we have mentioned, each 

individual appears to have a domain, as it were, of its own. 

d Vest wood tells us that he has seen what he believed to be the 

same individual hawking daily for several w'eeks together over a 

small pond. The writer observed a specimen of Cordidegaster 

anmdatus to frequent a particular bush, to which it returned 

—freciuently to the same leaf—after an excursion in search 

of food. The way in which these Insects actually seize their 

prey has not yet been made clear; it is certain that they 

capture flying Insects, and it seems most prohable, as we 

have already said, that this is done by means of the legs. 

These, as we have said, are inserted so as to be very near 

to the mouth; they are directed forwards, and are held hent 

at right angles so as to form a sort of net, and are armed 

with a beautiful system of fine spines; it is probable that 

if the dragon-fly pursue an Insect on the wing and strike it 

with the trap, formed by its six legs (Eig. 2G2, C), then these 

immediately come together under the mouth, so that tlie victim, 

directly it is captured by the leg-trap of its pursuer, finds 

itself in tjie jaws of its tlestroyer. It is perhaps impossible to 
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■\'erity this hy actual oh.servatioii, as the act of capture and trans¬ 

fer is so very brief and is performed in the midst of a rapid 

dash of flight, Init it seems nan'e prohal:)le that the prey is first 

struck liy the legs than that the mouth is the primary instrument 

of capture. The excessive moliility of the Iiead permits tlie victim 

to Ije instantly secured hy the mouth, and the captured fly is 

turned al)out l)y this and the front pair of legs, and is nipped 

rapidly so that the wings and drier parts fall off; the more 

juicy parts of the prey are speedily squeezed into a little hall, 

which is then swallowed, or perhaps we shoidd rather say that 

the mouth closes on it, and submits it to further ])ressure for the 

extraction of the juices. A\"e 

have already noted that many of 

these large and active dragon¬ 

flies, particidarly in the Libellu- 

linae and Aesehninae, have their 

eyes distinctly divided into two 

parts, the facets in the lower 

part of the eye Ijeing difierent 

from those of the upper part. 

Exner considers ^ that the upper 

division is for the perception of 

movement, the lower for the 

perception of the form of rest¬ 

ing objects. Plateau thinks “ 

that the dragon-flies perceive 

only movement, not form. 

The splendid acts of flight 
pressa, stowing a part of the uiechanism of the Auisoitterid Odoiiata are 
of flight, viz. some of the chitinous i- i i i 
ridges at base of tlie upper wing, and hv tllC <11(1 01 fi 
•some of the msertions ot tlie teiulon.s complex arrangement of chitin- 
01 muscles. A, line ot section through . - 
hase of upj)er wing, the wing being OUS pieces at the hasCS of the 
.suppo.sea to he airected lwkwar.l,s ; C, ^Villgs (Fig. 20;'.). In Ilisects 
upper portion ot niecaiauisni of tlie . ® ^ ' 

lower wing ; /i, lever e-xtenillug lietween with considerable ])OWers of 
the pieces connectea with the two wings. rl,,, l,;., i ii 
(After von Lemlenfekl.) usually 

suliordinate in functional ini- 

])ortance to the anterior, to which they are attached by a series 
of 

Fig. 263. — Inner view of a poi’tiou of 
the left side of body of Libelhda de- 

hooks, or some other simple mechanism, on the wings. 
O 

’ rinjHiol. facet!. Aug. 1891, ]i. lit. 

^ Bull. Ac. Belgique (3), xvi. 1888, No. 11, p. 31. 
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In the Odonata the two wings of each pair are quite free, hut 

they are perhaps brought into correlative action l.iy means of a 

lever of unusual length existing amongst the chitinous pieces in 

the body wall at the base of the wings (Fig. 2G3, />). The wing 

muscles are large; according to von Lendenfeld ^ there are three 

elevator, five depress(n’, and one adductor muscles to each wing; 

he describes the wing movements as the resiilts of the correlative- 

action of numerous muscles and ligaments, and of a great num¬ 

ber of chitinous pieces connected in a jointed manner. 

Ainans “ has suggested that the mechanism of flight of the 

dragoii-hy would form a suitable model for a dying-machine, to 

be propelled by electricity. 

The Zygopterides—the second of the two divisions of the 

Odonata—^are Insects different in many respects from the large 

and robust Anisopterides. The division comprises the delicate 

Insects called “ demoiselles,” damsel-dies, by the French (Fig. 

262, A, and Fig. 264). Great power of dight is not possessed by 

these more fragile Insects; they dit aliout in the most gentle 

and airy manner from stem to stem of Ihe aquatic plants and 

grasses that dourish in the localities they love. To this group 

belong the fairy-like Insects of the genus Calepteryx, in which 

various parts of the body and wings are suffused with exquisite 

2 E VOL. V 

1 SB.. Ak. Wien, Lxxxiii. 1881, pp. 289-376, pis. i.-vii. 

- Rev. Sci. JS'at. Monipellicr (3), ii. p. 470,- 
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metallic tints, wliile sometimes the two sexes of one species have 

differently coloured wings. The smalle.st and most delicate 

dragon-flies that are known are fonnd in the tropics; some of 

the genera allied to A(jrivn consist of Insects of extraordinary 

fragility and delicacy. 

Although the mature Odonata are so pre-eminently endowed 

for an aerial and active life, yet in the earlier stages of their 

existence they are very different; they are then, without excep¬ 

tion, of arpiatic hahits; though carnivorous also in this period 

of their existence, they are sluggish in movement, lurking in 

concealment and capturing their prey l)y means of a ])eculiar 

conformation of the mouth, that we shall suh.se(piently describe. 

Their life-histories are only very imperfectly known. 

The eggs are deposited either in the water or in the stem of 

some aquatic plant, the female Insect occasionally undergoing 

submersion in order to accomplish the act. The young on 

hatching are destitute of any traces of wings (Fig. 2G5), and the 

structure of the thoracic segments is totally different from what 

it is in the adult, the rectal respiratory system (Fig. 2Go, x), to 

which we shall sul.)sequently allude, being, however, already present. 

The wings are said to make their first appearance only at the third 

or fourth moult. At this time the pleura of the second and third 

thoracic segments have grown in a peculiar manner so as to form 

a lateral plate (Fig. 26G, B, shows this plate at a later stage), and 

the wing-pads appear as small projections from the membranes at 

the upper margins of these pleural plates (Fig. 2GG, A, B). The 

plates increase in size during the subsequent stadia, and meet 

over the bases of the wing-pads, which also become much longer 

than they were at first. The number of moults that occur during 

growth has not I)een observed in the case of any species, but they 

are believed to be numerous. There is no pupa, nor is there any 

well-marked quiescent stage preceding the assumption of the 

winged form at the last ecdysis, although at the latter part of its 

life the nymph appears to he more inactive than usual. Alien full 

grown, the nymph is more like the future perfect Insect than it was 

at first, and presents the appearance shown in Figs. 2GG and 270. 

At this stage it crawls out of the water and clings to some sup¬ 

port such as the stem or leal ot an aquatic plant; a few minutes 

after doing so the skin of tlie back of tbe thoracic region splits, 

and the imago emerges from the nymphal skin. The nymplis 
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never have the l)ody so elongate as the perfect Insect, the differ¬ 

ence in this respect being frequently great, and the nymphs of 

the subfamily Lihelluliuae being very broad (Fig. 2G6, nympli of 

Ictinus sp.); consequently the creature on emergence from the 

nymph-skin is very much shorter than it will soon become. 

Fig. 265.—Larva ofjxi.=ithatclieil. n, Fig. 266.—Ictmus .sji., nymph, Hima- 
a ganglion of the ventral chain ; d, dor.sal laya. A, Lor.sal, B, lateral view, 

ves.sel; x, tracheal network ronnd rectum. (After Cabot.) 
(After Packard, P. Boston Soc. xi. 1868, 

p). 365.) 

Extension begins to take place almost immediately ; it has been 

thought by some that this is accomplislied liy swallowing air; 

this is, however, uncertain. At first the wings have only the 

length of the wing-pads of the nymph, and their apical portion 

is an unformed mass. The colour of tlie perfect Insect is not 

present wlien the emergence takes place. The wing grows 

quickly until the full length is attained. In the genus Agrion 
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the expciiisiuu of the wings is accompanied liy frequent eleva¬ 

tions and depressions of the body, and 

occupies an hour or so; the elongation 

of tlie al)domen is not so soon completed, 

and its lirilliant colours do not appear 

for several hours. 

The nioutli of the nymph hears a remark- 

aide structure called the mask (Fig. 268). 

It is apparently formed Ijy a backward 

growth of the liases of thelaljium and lingua, 

a hinge being formed between the two at 

the most posterior point of tlieir growth. 

The prolonged portions of these parts 

Fig. 267.—Young iiympli of are free : usually the mask is folded under 
Aeschna sp. (Cambridge) .|^pg head, hut It Call be unfolded and 
about tourth moult. 

thrust forward, remaining then attached 

to the head liy means of the more anterior 

parts of the lingua and by tlie maxillae, 

the whole of the elongate apparatus he- 

ino;, when used, extended from this anterior 

part of its attachment. The front parts 

of the labium form a prehensile appa¬ 

ratus armed with sharp teeth, so that the 

structures make altogether a very effectual 

trap, that can he extended in order to 

secure the pre}". 

The fact, that the dragon-fly passes 

suddenly, in the middle of its existence, 

from an aquatic to an aerial life, makes 

the condition of its respiratory organs a 

subject for inquiry of more than usual 

interest. Eeaiimur was of opinion that 

the nymph wms, in spite of its aquatic 

existence, provided with an extensive 

system of stigmata or orifices for breath¬ 

ing air; this was, however, denied liy 

Dufoiir, and his opinion seemed to be 

siqiported by the fact that other means 

of olitaining air were discovered to exist 

ill these nymphs. The inquiries connected with the respiration 

Fig. 268. — Under side of 
head of Ccdepteryx virgo, 
iij-mpli, with ma.sk un¬ 
folded. a, Lingua ; h, 
line from which the mask 
swings ; c, line of douli- 
ling up ; (if, lower lip pro¬ 
per ; e, articulated lateral 
processes thereof. 
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of Odonata are still very iiicoiaplete, but some interesting points 

have been ascertained, the most important of which is perhaps 

the existence in some forms of a 

respiratory system in connexion 

with the posterior part of the ali¬ 

mentary canal (Fig. 269). In the 

nymphs of Auisopterides the system 

consists of four main tracheal 

trunks, traversing the length of 

the body, and liy their ramifica¬ 

tions and inosculations forming an 

extensive apparatus. Connected 

with the four main trunks we 

have described, there is a shorter 

pair confined to the abdomen, 

where it supplies a large number 

of branches to the walls of the 

stomach. The dorsal pair of the 

main tubes give numerous sub¬ 

sidiary branches to the outside of 

the rectum, and the ventral pair 

furnish a smaller number. The 

walls of the gut are penetrated by 

the branches, which inside the 

rectum form numerous loops; these, covered by a membrane, 

project into the interior in the form of multitudinous papillae 

(uEschninae). In the Libellulinae the papillae are replaced by 

more flattened processes or lamellae. The structures attain a 

remarkable development, there being in Aeschna cyaneci upwards 

of 24,000 papillae. 

These rectal gills obtain air from water admitted into the 

rectum for the purpose; the extremity of the body being armed 

with projections of variable form, that can be separated to 

allow ingress and egress of the fluid, or brought into close 

apposition so as to close the orifice. Tlie water so taken in 

can, l)y some species, he ejected with force, and is used occa¬ 

sionally as a means of locomotion. Tliese rectal branchiae can 

absorb free air, as well as air dissolved in water. If the fluid 

in which the creatures are placed has been previously boiled, 

so as to expel the air from it, the nymphs then thrust the 

Fig. 269.—Portion of traclieal system 
of nympli of Aeschna cyanea. 
ii, R, R, R, rectum ; A, anus ; td, 
dorsal; tv, ventral, tracheal tubes ; 
J/, Malpighian tubes. (After Ous- 
talet.) 
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extremity of the body out of the water and so ol^taiii a supply 

of air. 

(Justalet and Palnien state that at the last ecdysis the 

lamellae, or the papillae, do not disappear, l)ut remain quite 

empty, and are couse(piently fuiictionless, while on the tracheal 

trunks there are developed air vesicles to fit the creature for its 

aerial career. Hagen says that in llJ2)ithec(t the whole structure 

of the mils is shed at the final moult. 
O 

The subject of the rectal lu’anchiae of LihelMa has Ijeen dis¬ 

cussed and illustrated by 

Chun,^ who states that Ley- 

dig has made known that in 

riirygayieu (jra mlis a structure 

is found connecting the rectal 

branchiae of Zi7>r//«/u with the 

rectal glands of some other 

Insects. IVe have not been 

able to find a confirmation of 

this in the writings of Levdig 
O t/ O 

or elsewhere. 

In the nymphs of the 

Zygopterides the highly-de¬ 

veloped rectal liranchiae found 

in the Aeschniuae and Libel- 

lulinae do not exist, and the 

respiration seems to l)e of a 

complex character. In one 

division of the Zygopterides 

— Calepteryginae ■—■ rectal 

gills of an imperfect cliaracter 

are said l.iy Hagen and others 

to exist.^ The nymphs of the Zygopterides are provided with three 

mol)ile processes at the extremity of the body (Fig. 270); these serve 

the purp(jses of locomotion. They are Itelieved to possess also a 

respiratory function, l)ut this must be of an accessory nature, for 

the nynqihs live after the removal of the processes, and indeed 

reproduce them; the skin of these processes is harder than is 

usual in Insect gills. In the nymph of EiqjJiaea—a genus of 

Calepteryginae found in tropical Asia—tliere are also external 

^ Ahh. Senckenb. Ges. x. 1875, [i. 13, pi. iii. - Zool. Anz. iii. 1880, p. 160. 

Fig. 270.—Caleiduryx rirtju, Tiiature uympli, 
Britain. 
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abdominal gills, and in this case respiration may, according to 

Hagen,^ take place in four different manners ; (1) l)y ten pairs of 

stigmata ; (2) by lateral branchiae well furnished with tracheae; 

(3) by caudal branchiae; (4) by rectal branchiae. It is further 

said that in this Insect the lateral hranchiae persist in the imago. 

Although the means of respiration of the nymphs have been 

fairly well ascertained, yet the mode in which the nymph is 

prepared for the sudden change from the aquatic to aerial life 

is still obscure, the condition of the stigmata not lieing 

thoroughly elucidated. It appears proliable, however, that the 

young nymph has no stigmata; that these organs appear in the 

course of its development, being at first quite impervious, fuit 

becoming—at any rate in the case of the larger and more im¬ 

portant pair—open previous to the final ecdysis. We have 

mentioned the contradictory opinions of Eeaumur and Hufour, 

and will now add the views of some modern investigators. 

Oustalet says ^ that there are two pairs of spiracles in the 

nymphs; the first pair is quite visible to the naked eye, and is 

situate between pro- and meso-notum; it is in the nympli closed 

l)y a membrane. The other pair of spiracles is placed above the 

posterior pair of legs, is small and completely closed. He does 

not state what stage of growth was attained I)y the nymphs he 

examined. Palmen was of opinion that not only thoracic but 

alidominal spiracles exist in the nymph,® and that they are com¬ 

pletely closed so that no air enters them; he says that the 

spiracles have tracheae connected with them, that at each moult 

the part closing the spiracles is shed with some of the tracheal 

exuviae attached to it. The breathing orifices are therefore for a 

short time at each ecdysis open, Ijeing subsequently again closed 

liy some exudation or secretion. This view of Palmeui’s has been 

thought improbable by Hagen and Dewitz, who operated by 

placing nymphs in alcohol or warm water and observing the 

escape of buljlfies from the spots where the supposed breathing 

orifices are situate. P)oth these olrservers found much difference 

in the results obtained in the cases of young and of old nymphs. 

Hagen concludes that the first pair of tJioracic spiracles are 

functionally active, and that abdominal stigmata exist though 

^ CR. Soc. ent. Belgique, xxiii. 1880, p. Ixvii. 

^ Ann. Sci. Kat. (5) xi. Zool. 1869, p. 377. 

^ Zur Morphohxjie dcs Tmcheensystems, Helsingfors, 1877, p. 38. 
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functionless; lie appears to lie of opinion that when the lirst 

thoracic stigma is closed this is the result of the abutting against 

it of a closed trachea. Dewitz found ^ that in the adult nymph 

of AescJi na the thoracic stigma is well developed, while the other 

stigmata—to what numlier and in what position is not stated—• 

are very small. In a half-grown Aeschnid nymph he found the 

thoracic stigma to 1 )e ];)resent in an undeveloped form. On placing 

a full-grown nymph in alcohol, gas escaped from the stigma in 

question, but in immature nymphs no escape of gas occurred 

although they were subjected to a severe test. A specimen that, 

when submitted to the above-mentioned immersion, emitted gas, 

subsequently monlted, and thereafter air escaped from the 

spiracle previously impervious. The oljservations of Hagen and 

Dewitz are perhaps not so adverse to the views of Palmmi as has 

been snppo.sed, so that it would not be a matter for surprise if 

ralmen’s views on this point should be shown to be quite correct. 

The number of species of Odonata or Liliellulidae that have 

been described is somewhat less than two thousand, Imt constant 

additions are made to the number, and when the smaller and more 

fragile forms from the tropics are collected and worked out it will 

prol;»ably be found that the number of existing species is somewhere 

between live and ten thonsand. They are distributed all over 

the world, but are most numerous in species in the warmer regions, 

and their predominance in any one locality is very much regulated 

by the existence of waters suitable for the early stages of their 

lives. 

A good work on the British Odonata is still a desideratum.^ 

In Britain about forty-six species are believed to be native. They 

are said to l)e of late years less numerous than they used to be. 

Notwithstanding their great powers of flight, dragon-flies are 

destroyed by l:)irds of various kinds; several hawks are said to be 

very fond of them, and Jlero^is persicus to line its nest with their 

wings. The number of Insects killed l)y dragon-flies in places 

where tliey are abundant must be enormous ; the nymphs, too, 

' Zool. Anz. xiii. 1890, p. 500. 

The following works convoy the be.st information : Evans’s British Libcllulinae or 

Dragon-flies, illustrated in a series of lithographic drawings, 1845. Hagen, “A 

Synopsis of the British Dragon-tlies,” in Entomologists' Annual, 1857. M'Lachlan, 

Catalogue of the British Ncuroptcra, luiblislied by the Entomological Society of London 

in 1870 ; and “Tlie British Dragon-flies annotated,” Entom. Month. Mag. xx. 1884, 

pp. 251-256. 
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are very destructive in the waters they inhabit, so that dragon- 

hies have no doubt been no mean factor in maintaining that 

important and delicate balance of life which it is so difficult 

lor us to appreciate. The nymphs are no doubt cannibals, 

and this may perhaps he an advantage to the species, as the eggs 

are sometimes deposited in large numbers in a limited body of 

water, where all must perish if the nymphs did not, after exhaust¬ 

ing other food, attack one another. Martin, speaking of the 

Odonata of the Departenient de ITndre in France, says : ^ “ The 

eggs, larvae, and nymphs are the prey of several fishes, snakes, 

newts, Coleoptera, acpiatic Hemiptera, and of some divdng birds. 

Sometimes the destruction is on a considerable scale, and one 

may notice the dragon-fiies of some piece of water to diminish 

gradually in numbers, while the animals that prey on them 

increase, so that a species may for a time entirely disappear in 

a particular spot, owing to the attacks of some enemy that has 

been specially prosperous, and also eager in their pursuit. De 

Selys found that from a pond filled with carp, roach, perch, 

and eels, several of the dragon-fiy denizens disappetired directly the 

hream was introduced.” On the other hand, there can he little 

doubt that the nymphs are sometimes injurious to fish; it has 

been recorded that in a piscicultural estaljlishment in Hungary 

50,000 young fishes were put into a pond in spring; in the 

following autumn only fifty-four fish could he found, hut there 

were present an enormous quantity of dragon-fly nymphs. 

Odonata are among the few kinds of Insects that are known 

to form swarms and migrate. Swarms of this kind have been 

frequently ol)served in Europe and in Xorth America; they 

X, usually consist of species of the genus Lihelhda, hut species of 

various other genera also swarm, and sometimes a swarm may 

consist of more than one species. L. quadriviaculata is the species 

that perhaps most frequently forms these swarms in Europe; 

a large migration of this species is said to occur every year in 

the Charente inferieure from north to south.^ It is needless to 

say that the instincts and stimuli connected with these migrations 

are not understood. 

The nymphs are capable, under certain circumstances, of 

accommodating themselves to very peculiar conditions of life. 

The Sandwich Islands are extremely poor in stagnant waters, and 

1 Eev. d'Entomol. v. 1886, p. 232. - Rivean, Fc-uille Nat xii. 1882, p. 123. 
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yet there exist 

peculiar species 

Fig. 271.—Under .side of 
Agi'iouid nymph, with 
■sliort ma.sk, living in 
water in lilies. Ha¬ 
waiian Islands. x .3. 

in tliis remote archipelago several highly 

of Agrioninae. Mr. E. C. L. Perkins has 

recently discovered that the nymphs of some 

of the.se are capable of maintaining their 

existence and com])leting their development 

in the small collections of water that accnmn- 

late in the leaves of some lilies growing on 

dry land. These nymiihs (Fig. 271) have a 

shorter mask than occurs, we believe, in 

any other Odonata, and one would snp])Ose 

that they must frerpiently wait long for a 

meal, as they must lie dependent on stray 

Insects hecoming immersed in these tiny 

reservoirs. The cannilial halhts of the 

Odonata prol)ahly stand these lily-dwellers 

in good stead; Mr. Perkins found that there, 

were sometimes two or three nymphs of 

different sizes together, and we may sns])ect 

that it sometimes goes hard with the smaller fry. The extension 

in the length of the l»ody of one of these lily-frecpienting Agrions 

when it leaves the water for its aerial existence is truly extra¬ 

ordinary. 

The Odonata^ have no close relations with any other group of 

Insects. They were associated by Latreille with the Ephemeridae, 

in a iamily called Snlinlicornia. The members of the two gron})S 

have, in fact, a certain resemhlance in some of the features of 

their lives, especially in the sudden change, without intermediate 

condition, irom arpiatic to aerial life; hut in all im})ortant points 

ot structure, and in their dispositions, dragon-flies and may-tlies 

are totally dissimilar, and there is no intermediate group to 

connect them. AVe have already said that the Odonata consist 

ot two very distinct divisions—Anisopterides and Zygopterides. 

The former grou]) comi)rises the subfamilies Oomphinae, Cordn- 

legasterinae, Aeschninae, Cordnliinae, and Lihellnlinae,—Insects 

having the hinder wings slightly larger than the anterior pair; 

while the Zygopterides consist of only two snlifamilies—Calep- 

teryginae and Agrioninae; they have the wings of the two pairs 

ecpial in size, or the hinder a little the smaller. The two groups 

(xomphinae and Calepteryginae are each, in several respects, of 

lower development than the others, and authorities are divided 
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in opinion as to which of the two should he considered'the more 

primitive. It is therefore of much interest to find that there 

exists an Insect that shares the characters of the two primitive 

sulifamilies in a striking manner. This Insect, Palaeopldehia 

suj^erstes (Fig. 272), has recently been discovered in Japan, and 

is perhaps the most interesting dragon-fly yet obtained. De 

Selys Longchamps refers it to the subfamily Caleyiteryginae, on 

account of the nature of its wings; were the Insect, however, 

deprived of these organs, no one would think of referring Palaeo- 

plilebia to the group in question, for it has the form, colour, and 

appearance of a Gomphine Odonate. Moreover, the two sexes 

Fig. 272. — Pcdaeo- 
]]hlehia superstes. 
A, The In.seot with 
wings of one side 
and with two legs 
removed ; B, front 
view of head of 
female ; C,of male. 
(After De Selys.) 

C 

differ in an important character,—the form of the head and eyes. 

In tliis respect the female resembles a Gomphine of inferior 

development; while the male, I»y the shape and large size of 

the ocular organs, may he considered to comlune the characters 

of Gomphinae and Calepteryginae. The Insect is very remark¬ 

able in colour, the large eyes being red in the dead examples. 

AVe do not, however, know what may be their colour during life, 

as only one pair of the species is known, and there is no record 

as to the life-history and haluts. De Selys considers the nearest 

ally of this Insect to he PLeterofldehia dislocata, a fossil dragon¬ 

fly found in the Lower Lias of England. 

Xunierons fossil dragon-flies are known ; the group is well 

repre.sented in the Tertiary strata, and specimens have been 

found in amber. In strata of the Secondary age these Insects 
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have been found as far back as the Lower Lias; their remains 

are said to exist in considerable variety in the strata of tliat 

epoch, and some of them to testify to tlie existence at that period 

of dragon-flies as highly specialised as those now living. Accord¬ 

ing to Hagen ^ riateplieniera antiqua and GerepUernera simplex, 

two .Devonian fossils, may be considered as dragon-flies; the 

evidence as to this appears inadequate, and Brongniart refers the 

latter Insect to the family I'latypterides, and considers Plate- 

phemera to lie more allied to the may-flies. 

One of the most remarkable of the numerous discoveries lately 

made in fossil entomology is the finding of remains of huge Insects, 

evidently allied to dragon-flies, in the Carboniferous strata at Com- 

mentry. Brongniart calls these Insects Protodonates,^ and looks on 

them as the precursors of our Odonata. Meganeura vionyi was 

the largest of these Insects, and measured over two feet across the 

expanded wings. If M. Brongniart be correct in his restoration 

of this giant of the Insect world, it much resembled our existing 

dragon-flies, but had a simple structure of the thoracic segments, 

and a simpler system of wing-nervures. On p. 276 we figured 

Titanoplmsma fayoli, considered by Scudder and Brongniart as 

allied to the family Phasmidae, and we pointed out that this 

supposed alliance must at best have been very remote. This view 

is now taken by M. Brongniart himself,® he having removed the 

Insect from the Protophasmides to locate it in the Protodonates 

near Meganeura. There appears to be some doubt whether the 

wings supposed to belong to this specimen were really such, or 

belonged rather to some other species. 

Bull. Mus. Harvard, viii. 1'8S0-81, ji. 276. 

2 luscctesfossilcs, p. 394. Inscdcsfossilcs, p. 396. 



CHAPTER XIX 

AMPHIBIOUS NEUEOPTEl’vA COXTiyUEU-EPHEMEEIDAE, MAY-FLIES 

Fam. VII. Ephemeridae—May-flies. 

Delicate Insects ivitli atrophied vioiith and small, short antennae; 

with four membranous wings 

having nmch minute cross- 

veining ; the hinder pair very 

much smaller than the other 

pair, sometimes entirely absent: 

the body terminated by three 

or tivo very elongate slender 

tails. The ecpdier stages are 

passed through in water, and 

the individacd then differs 

greatly in appearance from 

the winged Insect ; the passage 

bettveen the hoo forms is sud¬ 

den ; the creature in its first 

winged state is a subimago, 

which by shedding a delicate 

skhi reveals the final form of 

the individual. 

The may-flies are well known—in 

literature—as the types of a brief 

and ineffective life. This supposed 

brevity relates solely to their existence in the winged form. In 

the earlier stages the may-fly is so unlike its suljsequent self 

that it is not recognised as a may-fly l)y the uninitiated. The 

total life of the individual is really quite as long as that of most 
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other Insects. The earlier stages and life-histories of these 

Insects are of great ini})ortance. The perfect Insects are so 

delicate and fragile that they shrivel ninch in drying, and are 

very difficnlt to ])reserve in a condition snitahle for study. 

The mouth of the imago is atro])hied, the trophi scarcely 

existing as separat<3 parts. Tacfcard says that in Palingenia 

hilincata he could discover no certain traces of any of the mouth- 

parts, hut in leftoplihlna cvpida lie found, as he thought, the 

rudiments of the maxillae and labium, though not of the mandibles. 

The antennae are always short, and consist of one or two thick 

basal joints succeeded I)y a delicate needle-like segment, which, 

though comparatively long, is 

not divided. The ocular organs 

are remarkable for their large 

size and complex development; 

they are always larger in the 

male than they are in the 

female. The compound eyes of 

the former sex are in certain 

species, e.g. Cloeon (Fig. 274), 

Fig. 274.—Front of head of CT06OW, male, a, quite divided, SO that each eve 
Pillared eye : b, sessile eye : c, ocellus. , . ,, 

becomes a pair ol organs ot a 

different character ; one part forms a pillar facetted at its summit, 

wliile the other part remains as a true eye placed on the side of 

the head; in front of these compound eyes there are three ocelli. 

Thus the Insect comes to have three different kinds of eyes, 

together seven in number. 

The prothorax is small, the pronotum being, however, quite 

distinct. The mesothorax is very large; its notum forms by far 

the larger part of the upper surface of the thoracic region, the 

metathorax being small and different in structure, resembling 

in appearance a part of the abdomen, so that the hind wings 

look as it they were attaclied to a first abdominal segment. The 

mesosternum is also disproportionately large in comparison with 

the homologous piece ]ireceding it, and with that following it. 

Tlie pleural ]»ieces are large, hut their structure and disposition are 

only very imperfectly understood. The coxae are small and are 

widely separated, the anterior being, however, more elongate and 

a])]iroxiniate than the others. The other parts of the legs are 

slender; the number of joints in the tarsi varies from five to one. 
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The legs throughout the faiuily exhibit a considerable variety of 
structure, and the front pair in the males of some species are remark¬ 
ably long. The abdomen is usually slender, and consists of ten 
segments; the terminal one l)ears three, or two, very long Ilexiltle 
a])pendages. The first dorsal plate of the abdomen is either 
wanting or is concealed to a considerable extent by the meta- 
notum. The wings 
are peculiar; the an¬ 
terior pair vary a 
great deal in their 
width, but are never 
very long in pro})or- 
tion to the width; 
the hind pair are 
always dispropor¬ 
tionately small, and 
sometimes are cpiite 
wanting. The vena¬ 
tion consists of a few, or of a moderate nuinljer, of delicate longi¬ 
tudinal veins that do not piirsue a tortuous course, but frequently 
are gracefidly curved, and form a system of approximately similar 
curves, most of the veins being of considerable length ; close to the 
anterior margin of the Aving there are two or three sul)-parallel 
A’eins. Freqiiently there are A-ery numerous fine, short cross- 
A'einlets, but these Auiry greatly and may be entirely Avanting. 

The earlier stages of the life of Ephemeridae are, it is belieA'ed, 
in the case of all tlie species, aquatic. May-flies, indeed, during 
the period of their post-embryonic deA^elopment are more modified 
for an acpiatic life than any other Insects, and are provided Avith 
a complex apparatus of tracheal gills. The eggs are committed 
to the Avaters AA'ithont any care or foresight on the part of the 
parent Hies, thus the emluwonic deA'elopment is also aquatic; 
little, hoAvever, is IcnoAvn of it. According to Joly^ the process 
in Palingcnia virgo is sIoav. The lai'A^a on emerging from the 
egg has no respiratory system, neither could Joly detect any 
circulation or any nervous system. The creature on emergence 
i.s A-ery like Cavijmlea in form, po.ssessing long antennae and tails 
—caudal setae. OAving to the organisation being inferior, the 
creature in its earlier stages is called a larvule; in its later stages 

1 Mem. Ac. Sci. Toulouse (7), iii. 1871, ji. 379. 

Fig. 275.—AAlngs of E])hemera danica. (After Eaton.) 
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it is usually spoken of as a nyrapli, but the term larva is also 

frequently applied to it. 80011 the gills begin to appear in the 

form of small tul)ular caeca jilaced in the posterior and upper 

angles of the al)dominal rings; in fifteen days the gills begin to 

assume their characteristic form, are penetrated liy tracheae, and 

the circulation can be seen. The amount of growth accomplished 

after hatching between jMarch and September is but small. 

The metamorphosis of Cloeori has been descrilied by Sir John 

Lulibock; he informs us that the young creature undergoes a 

constant and ])rogresaive development, going through a series of 

more tlian twenty moults, each acconij>anied Ity a slight change 

of form or structure. His observations were made on captured 

* In reference tu a douht as to tlie name of this nynipli cf. Eaton, Tr. Linn, 

ii'uc. Zuol. (2) iii. p. 20. 

Fig. 276.—Nymph of Cloemi diptcrum.^ Wing-sheath 
of left side, gills of right side, removed; ff, 
tracheal gills. (After Vayssiere.) 

Fig. 277.—Larviile of Cloeon 
dimidiatum. (After Lub¬ 
bock.) 
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specimens, so that it is not certain that what he calls ^ the hrst 

stage is really such. He found no tracheae in the earliest stages ; 

the small first rudiments of the gills became visilde in the third 

stage, when there were no tracheae; the fourth instar possessed 

tracheae, and they could he seen in the gills. The wing rudi¬ 

ments could first be detected in the ninth and tenth stages. The 

changes of skin during the winter months are separated by 

longer intervals than those occurring at other periods of the year. 

The nymphs differ greatly in the structure and arrangement 

of their tracheal gills, and display much variety in their general 

form and habits; some of them are very 

curious creatures. Pictet ^ divides them 

in accordance with their halfits into four 

groups: (1) Possorial larvae: these live 

in the hanks of streams and excavate 

luirrows for shelter; they are of cylin¬ 

drical form, possess rolmst legs, abundant 

gills at the sides of the body, and 

frequently processes projecting forwards 

from the head: examples. Ephemera (Fig. 

278) and Palingenia. (2j Flat larvae: 

these live attached to rocks, Imt run with 

I'apidity wdien disturljed ; they prefer rapid 

streams, have the breathing organs at¬ 

tached to the sides of the l.iody and not 

reposing/ on the liack; they are exclu¬ 

sively carnivorous, while the fossorial 

forms are believed to olitain their nutri¬ 

ment by eating mud: example, Baetis. 

(3) Swimming larvae: elongate delicate 

creatures, with feelde legs, and with strongly 

ciliated caudal setae : example, Clo'eon (Fig. 

276). (4) Climbing larvae: these live in 

slowly-moving waters, especially such as 

have much slimy mud in suspension, and 

they have a halut of covering them¬ 

selves with this mud sometimes to such 

an extent as to become concealed liy it: example, Potamanthus. 

1 Tr. Linn. Soc. xxiv 1863, p. 62, and xxv. 1866, p. 477. 

- Hist. Nat. Neuroi^t. Ephimirines, 1843. ji. 24. 

2 F VOL. Y 
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The anatomy of the nymphs lias heen treated liy A ayssiere, 
who arranges them in five groups in 

accordance witli the conditions of the 

tracheal gills : (1) The gills are of large 

size, are ex])osed and furnished at the 

sides with residratory fringes: ex- 

ample, (Fig. 278). (2) The 

hranchiae are hlade-like, not fringed, 

and are exposed at the sides of the 

body: example, C7oeon (Fig. 276). (3) 

The resiiiratory tubes are placed on 

the under surface of plates whose 

upper surface is not respiratory; ex¬ 

ample, OUijonfuria garumnica (Fig. 

279). (4) The anterior gill is modi¬ 

fied to form a plate that covers the 

others ; example, Tricorytlvus (Fig. 

282, E). (o) The gills are concealed in 

a respiratory chamber : example, Froso- 

jjistoma (Fig. 280). The last of these 

nvmphs is more completelv adaiited 
Fig. 279.—Xymph of Oliyoneuria ," . f 

garumnica, France, g-j and g~, loi' an Hfpiatic life than any Other 
two of the dorsal traciieai giiis. rireseiit Iviiown 1 it was for 
(Alter V ays.siere.) ^ 

long suppo.sed to be a Crustacean, but 

it has now been shown to be the early stage of a may-fly, 

the sub-imago having been reared from the nymph. The 

carapace liy which the larger part of the body is covered is 

formed by the union of the pro- and meso-thorax with the sheaths 

of the anterior wings, which have an unusually extensive develop¬ 

ment ; under the carapace there is a respiratory chamber, the 

door and sides of which are formed by the posterior wing- 

sheaths, and by a large plate com]>osed of the united uota of the 

metathorax and the first six abdondnal segments. In this 

chamber there are placed five pairs of tracheal gills ; entrance of 

water to the chamlier is efiected by two laterally-placed orifices, 

and exit liy a. single dorsal aperture. These nymphs mse the 

Itody as a sucker, and so adhere strongly to stones under water. 

When detached they swim rapidly by means of their caudal 

setae; the form of these latter organs is different from that 

' Ann. Sci. Nat. Zool. (6) xiii. 1882, j)|i. 1-137, pis. 2-11. 
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of other Epliemend nymphs. This point 

of the anatomy of this creature have been 

described in detail by A'ayssiere.^ Tliese 

nymphs have a very highly developed tracheal 

system ; they li'\'e in rapid watercourses 

attached to stones at a depth of three to six 

inches or more under the water. Species of 

Prosojnstom-a occur in Euro})e, Madagascar, 

and "West Africa. 

According to Eaton,' in the iiA'inphs of 

some Ephemeridae the rectum seiA'es, to a 

certain extent, as a respiratory agent; he con¬ 

siders that water is admitted to it and ex¬ 

pelled after the manner we have described in 

Odonata, p. 421. 

The internal anatomy of the nymphs of 

hlphemeridae shows some points of extreme 

interest. The long- 

are 

and other details 

'k 

Fig. 280. — Prosopi- 
stoma punctifrons, 
nymph. France. 
(After Vaj'ssiere.) o, 
Orifice of exit from 
respiratory chamber. 

.' 

.i i 
B 

caudal setae 

resy)iratory organs of a kind that 

is almost if not quite without 

parallel in the other divisions of 

Insecta. The dorsal vessel for the 

circulation of the blood is 

and its chambers are 

to each segment of the body. It 

drives the blood forwards in the usual 

manner, ljut the posterior chamber 

possesses three blood-vessels, one of 

elongate, 

arranged one 

Fig. 281.—A, La.st three abdominal 
■segments and bases of the three 
caudal proce.sses of Cloeon dip- 
terum : r, dorsal vessel ; kl, ostia 
thereof ; t, sjiecial terminal cham¬ 
ber of the dorsal vessel with its ... . , , . , . , , 
entrance ff ; 6, blood-vessel of the Yddch IS piolouged lllto each Caudal 
left caudal ijrocess; B. twenty- geta. This terminal chamber is so 
.sixth joint of the left caudal pro- . 
cess from below; h, a portion of arranged as to drive the Ltlood back- 
the blood-vessel; o, orifice in the -vvards into the vessels of the setae ; 
latter. (After Zimmeriiiann.) 

dll the under surface of the vessels 

there are oval orifices by which the blood escapes into the 

cavitv of the seta so as to be sulmiitted to the action 

of the surrounding medium for some of the purposes of 

respiration. This structure has been described by Zimmer- 

^ Ann. Sci. Xat. Zool. (7) ix. 1890, pii. 19-87, jds. 2-5. 

^ Ann. Xat. Hist. (3) xviii. 1866, ji. 145. 
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luaiin,^ who agrees with Creutzberg ^ that the organ by which the 

blood is propelled into the setae is a ternrinal cliaiirber of the 

dorsal vessel; A^erlooren,® who first observed this accessory system 

of circulation, thought the contractile chaiuhei’ was puite separate 

from the heart. The nature of the connexion between this 

terminal chamber that drives the blood backwards and the 

other chambers that propel the fluid forwards appears still to 

want elucidation. 

The nymphs of the Ephemerid ae being creatures adapted for 

existence in water, the details 

of their transformation into 

creatures having an entirely 

aerial existence cannot but l)e 

of much interest. In the 

nymphs the tracheal system is 

well developed, but differs from 

that of air-ljreathing Insects 

in the total alisence of any 

spiracles. I'almen has inves¬ 

tigated this subjec-y and finds 

that the main longitudinal 

tracheal trunks of the body of 

the nymph are not connected 

with the skin of the l;)od}' by 

tracheae, but are attached 

thereto liy ten pairs of slender 

strings extending l)etween the 
O O 

Fig. 282.—A, Nj'mph of EpliemereUa ignifa 
■with gills of left .side removed ; g, gills : 
B, nymph of Tricorythvs sp. -with gill 
cover of right side removed ; g.c, gill cover ; 
g. g', gills. (After Vayssiere.) 

chitinous integument and the 

tracheal trunks. AVhen the 

skin is shed these strings—or 

rather a chitinous axis in each 

one-—are drawn out of the body, and bring with them the chitinous 

linings of the tracheae. Thus notwithstanding the absence of spir¬ 

acles, the hotly wall is at each moult pierced Ity openings that 

extend to the tracheae. After tlie ordinary moults these orifices close 

immediately,I)ut at the change to the winged state they remain open 

and form the s})iracles. At the same time the tracheal gills are com- 

’ Zeilschr. vias. Zool. xxxiv. 1880, p. 404. 

^ Ann. Kat. Hist. (5) xv. 1885, j). 494. ® Mcni. Cour. Ac. Bdg. 4to, xix. 1847, p. 1. 

Zur Morphologie dcs Tracheejisystems, Helsingfors, 1877, pp. 1-20. 
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pletelj shed, and the creature is thus transformed from a water- 

lu’eatlier to an Insect breathing air as usual. In addition to this 

change there are others of great importance, such as tlie develop¬ 

ment of the great eyes and tlie complete atrophy of the mouth- 

parts. The precise manner of these changes is not known; they 

occur, however, within the nymph skin. The sudden emergence 

of the winged Insect from the nymph is one of the most 

remarkable facts in the life-history of the may-tly; it has been 

observed by Sir John Lubbock,^ who describes it as almost in¬ 

stantaneous. The nymph boats on the water, the skin of the back 

opens, and the winged Insect flies out, upwards and away; 

“ from the moment when the skin first cracks not ten seconds are 

over before the Insect has fiown away.” The creature that thus 

escapes has not, however, cpiite completed its transformation. It 

is still enveloped in a skin that compresses and embarrasses it; 

this it therefore rapidly gets rid of, and thus becomes the 

imago, or final instar of the life-cycle. The instar in which the 

creature exists winged and active, tliough covered with a skin, is 

Called the sub-imago. The parts of the body in the sub-imago are 

as a whole smaller than they are in the imago, and the colour is 

more dingy ; the appendages—wings, legs, and caudal setae—are 

generally considerably shorter than they are in the imago, but 

attain their full length during the process of extraction. The 

creatures being, according to liiley, very impatient and eager to 

take to the wing, the completion of the shedding of the skin of 

the sub-imago is sometimes performed wliile the Insect is fiying 

in the air. 

The food of young Ephemeridae is apparently of a varied and 

mixed nature. Eaton says “ 

that though sometimes the 
O 

stronger larvae devour tlie 

weaker, yet the diet is even 

in these cases })artly vege- 

talfie. The alimentary canal 

frerpiently contains much 

mud ; very small organisms, pj(._ 08.3.—Lingua of lleptagenia longicmula, 

such as diatoms and con- ?«, Centrallatwal pieces. (Alter 
. f. Vayssiere.) 
tervae, are thought to form 

a large part of the bill of fare of Ephenierid nymphs. Although 

’ Tr. Linn. Soc. xxv. 1866, p. 483. Ann. Xat. Hist. (3) xviii. 1866, p. 145. 
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the mouth is atrophied in the imago, yet it is higlily 

developed in the nymphs. This is especially notal)le in tlie 

case of the lingua or hy])Opharynx (Fig. 283); indeed Vayssiere ^ 

seems to incline to the opinion that this part of the mouth may 

l.)e looked on in these Insects as a pair of appendages of a head- 

segment (see p. 96 ante), like the lahiuin or maxillae. 

Tlie hfe-history has not l)een fully ascertained in the case of 

any species of may-ily; it is known, however, that the develo])- 

nient of the nymph sometimes occupies a considerahle period, and 

it is thought that in the case of some species this extends to 

as much as tliree years. It is rare to find the post-eniljryonic 

development of an Insect occupying so long a period, so that we 

are justified in saying that brief as may I)e the life of the may¬ 

fly itself, the period of preparation for it is longer than usual. 

Reaumur says, speaking of the winged fly, that its life is so short 

that some species never see the sun. Their emergence from the 

nymph-skin taking place at sunset, the duties of the generation 

have been, so far as these individuals are concerned, completed I)efore 

the morning, and they die Ijefore sunrise. He thinks, indeed, 

that individuals living thus long are to I)e looked on as iMethuselahs 

among their fellows, most of whom, he says, live only an hour or 

half an hour,- It is by no means clear to which species these 

remarks of Reaumur refer; they are doubtless correct in certain 

cases, but in others the life of the adult is not so very short, and 

in some species may, in all probal:)ility, extend over three or four 

days; indeed, if the weather undergo an unfavourable cliange so 

as to keep them motionless, the life of the flies may be prolonged 

for a fortnight. 

The life of the imago of the may-fly is as remarkalfle as it is 

Indef; in order to comprehend it we must refer to certain peculi¬ 

arities of the anatomy with which the vital phenomena are con¬ 

nected. The more important of these are the large eyes of the 

males, the structure of the alimentary canal, and that of the 

reproductive organs. AVe liave already remarked that the parts 

of the month in tlie imago are atro].)hied, yet the canal itself not 

only exists but is even of greater capacity than usual; it appears 

to have much the same general arrangement of parts as it had in 

the nymph. Its coats are, however, of great tenuit}', and according 

' Ann. Sei. Xat. Zool. (6) xiii. 1882, p. 113. 

Rtaumur, Mem. vi. 1742, p. 457. 
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to Palmen^ the cliyisions of the canal are separated by changes 

in the direction of certain portions anterior to, and of others 

posterior to, its central and greater part—the stomach—in such 

a manner that the portions with diverted positions act as valves. 

The stomach, in fact, forms in the interior of the body a delicate 

capacious sac; when movement tends to increase the capacity of 

the l)ody cavity then air enters into the stomachic sac by the 

mouth orifice, hut when muscular contractions result m pressure 

on the sac they close the orifices of its extremities by the valve¬ 

like structures we have mentioned above; the result is, that as 

complex movements of the liody are made the stomach becomes 

more and more distended by air. It was known even to the old 

naturalists that the dancing may-fly is a sort of balloon, hut they 

were not acquainted with the exact mode of inflation. Palmen 

says that in addition to the valve-like arrangements we have 

described, the entry to the canal is controlled by a circular muscle, 

with which are connected radiating muscles attached to the walls 

of the head. PalmeiTs views are adopted, and to a certain extent 

confirmed, by Fritze,^ who has examined the alimentary canal of 

the may-fly, and considers that though the normal parts of the 

canal exist, the function is changed in the imago, in which the 

canal serves as a sort of balloon, and aids the function of the 

reproductive organs. The change in the canal takes place in an 

anticipatory manner during the nymph and sub-imago stages. 

The sexual organs of Ephemeridae are remarkable for their 

simplicity; they are destitute of the accessory glands and diver¬ 

ticula that, in some form or other, are present in most other 

Insects. Still more remarkable is the fact that the ducts by 

which they communicate witli the exterior continue as a pair to the 

extremity of the body, and do not, as in other Insects, unite into 

a common duct. Thus in the female there is neither bursa copu- 

latrix, receptaculum seminis, nor uterine portion of oviduct, and 

there is no trace of an ovipositor; the terminations of the ducts 

are placed at the hind margin of the seventh ventral plate, just 

in front of which they are connected by a fold of the integu¬ 

ment. The ovary consists of a very large number of small egg- 

tubes seated on one side of a sac, which forms their calyx, and 

one of whose extremities is continued l.)ackwards as one of the 

^ tiher 'paarige Ausfuhrsgange, etc., Helsingfors, 1884, p. 53. 

^ Ber. Gcs. Freibicrg, iv. p. 5 ; cf. J. 11. Micr. Soc. 1889, p. 206. 
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ymir of oviducts. The male has neither vesiculae seminales, acces¬ 

sory glands, nor ductus ejaculatoriiis. The testes are elongate 

sacs, wliose extremities are prolonged l:)ackwards forming the vasa 

deferentia; these open separately at the extremity of the body, 

each on a separate intromittent projection of more or less complex 

character, the two organs Ijeing, however, connected by means of 

the ninth ventral plate, of which they are, according to Palinen, 

appendages. We should remark that this authority considers 

HejjtMycnia to form, to some extent, an exception as regards the 

structures of the female; while Folyrn itarcys is in the male sex 

strongly aberrant, as the two vasa deferentia, instead of being 

approximately straight, are bent inwards at right angles near 

their extremities so as to meet, and form in the middle a common 

cavity, which then again becomes double to pass into the pair of 

intromittent organs. 

According to the views of Exner and others, the compound 

eyes of Insects are chiefly organs for the perception of movement; 

if this view be correct, movements such as those made dmdng 

the dances of may-flies may, by the number of the separate eyes, Ijy 

their curved surfaces and innumerable facets, be multiplied and 

correlated in a manner of which our own sense of sight allows 

us to form no conception. We can see on a summer’s evening how 

l)eautifully and gracefully a crowd of may-flies dance, and we may 

well believe that to the marvellous ocular organs of the flies them¬ 

selves (Fig. 274) these movements form a veritable ballet. We 

have pointed out that l;)y this dancing the peculiarly formed alinient- 

ar’y canal becomes distended, and may now add that Palmen and 

Fritze l)elieve that the unique structure of the reproductive organs 

is also correlated with the other anatomical peculiarities, the con¬ 

tents of the sexual glands being driven along the simple and 

direct ducts l)y the expansion of the balloon-like stomach. During 

these dances the momentary conjugation of the sexes occurs, 

and immediately thereafter the female, according to Eaton, 

resorts to the waters ap})ro}»riate for tlie deposition of her eggs. 

■As regards this, Eaton says : ^ “ Some short-lived species discharge 

tlie contents of their ovaries completely cn masse, and the pair 

of fusiform or sidicylindrical egg-clusters laid upon the water 

rapidly disintegrate, so as to let the eggs sink broadcast upon 

tlie river-bed. The less perishalile species extrude their eggs 

^ Tr. Linn. Soc. ‘2nd ser. ZnoL iii. 1883, p. 11. 
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gradually, part at a time, and deposit them in one or other of 

the following manners: either the mother ahghts upon the 

water at intervals to wash off the eggs that have issued from 

the months of the oviducts during her flight, or else she creeps 

down into the water to lay her eggs upon the under-side of 

stones, disposing them in rounded patches, in a single layer 

evenly spread, and in mutual contiguity.” The eggs are very 

numerous, and it is thought may sometimes remain in the 

water as much as six or seven months liefore they hatch. 

The number of individuals produced by some kinds of may¬ 

flies is remarkable. Swarms consisting of millions of individuals 

are occasionally witnessed. D’Alljertis observed Falingenia 

pcqyuana in countless myriads on the Fly Elver in New Guinea: 

“ For miles the surface of the river, from side to side, was white 

with them as they hung over it on gauzy wings; at certain 

moments, obeying some mysterious signal, they would rise in 

the air, and then sink down anew like a fall of snow.” He 

further states that the two sexes were in very disproportionate 

numbers, and estimates that there was but a single female to 

every five or six thousand males. 

Ephemeridae in the perfect state are a favourite food of 

Ashes, and it is said that on some waters it is useless for the 

fly-flsher to try any other lure when these flies are swarming. 

Most of the “ duns ” and “ spinners ” of the ai gler are 

Ephemeridae; so are several of the “ drakes,” our large E. danica 

and E. vnlgata being known as the green drake and the gray drake. 

Eonalds says ^ that the term “ dun ” refers to the pseud-imago 

condition, “ spinner ” to the perfect Insect. E. danica and E. 

■valgata are perhaps not distinguished by fishers; Eaton says 

that the former is abundant in rapid, cool streams, while E. 

■vulgata prefers warmer and more trampxil rivers. 

These sensitive creatures are unable to resist the attractions 

of artificial lights. Eeaumur noticed this fact many years ago, 

and since the introduction of the electric light, notes may 

frequently be seen in journals recording that myriads of these 

Insects have been lured by it to destruction. Their dances may 

frequently be observed to take place in })eculiar states of light 

and shade, in twilight, or where the sinking sun has its light 

rendered lu’oken by Imshes or trees; possibly the broken lights 

1 Fly-Fisher’s Entomology, 4th ed. 1849, p. 49. 
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are enhanced, in effect by the ocular structures of the Insects. 

It has recently hesn ascertained that a species of Teleganodes 

is itself luminous. Mr. Lewis,^ who observed this Insect in 

Ceylon, states that in life the whole of the alxlomen was lumin¬ 

ous, not brightly so, luit sufficient to serve as a guide for captur¬ 

ing the Insect on a dark night. It has also Iieen recorded that 

the male of Caenis dimidiata gives a faint blue light at night. 

Nearly 300 species of Ephenieridae are known, but this 

may be only a fragment of what 

actually exist, very little being 

known of may-tlies of other 

parts of the world than Europe 

and North America. One of the 

more curious forms of the family 

is Oniscigaster v:akejieldi; the 

body of the imago is unusually 

rotund and furnished with lateral 

processes. In Britain we have 

about forty species of may-dy. 

The family is treated as a distinct 

Order by Brauer and Packard, and 

is called Plectoptera by the latter. 

That Insects so fragile, so 

highly organised, with a host of 

powerful enemies, luit themselves 

destitute of means of attack or 
Fig. 2%^.—Oniscigaster icahefieldi. New defence, should contrive to exist 

Zealand. (After M‘Lachlan.) , n • i i i ^ 
at all IS remarkable; and it 

appears still more unlikely 

all 

that such delicate Insects as 

Ephenieridae should leave implanted in the rocks their traces 

in such a manner that they can be recognised; nevertheless, 

such is the case,—indeed, the may-fly palaeontological record is 

both rich and remarkable. Several forms are preserved in 

amber. In the Tertiary bed of the old lake at Florissant, »Scudder 

has lieen al.)le to distinguish the remains of no less than six 

s[)ecies; while in the Jurassic layers of the Secondary epoch, in 

more than one locality, the remains of several other species 

have been detected and descrilied. Still more remarkable is the 

fact that in the Devonian and Carboniferous lavers of the 

P. cnt. Soc. London, 188‘2, p. xiii. 



XIX MAY-FLIES 443 

I’alaeozoic period, remains are found that appear to he akin to 

our existing Ephemeridae. Palmgenia feistmantelii from the 

Carboniferous of Bohemia is actually referred to a still existing 

genus; it is said to have been of gigantic size for a may-fly. 

Tlie families Megasecopterides, Platypterides, and Stenodicty- 

opterides of the Carboniferous epoch (see p. 343) are. all more or 

less closely allied to the Ephemeridae, and in addition to these 

Brongiiiart has established the family Protephemerides for some 

Insects that he considers to have been the precursors in the 

Carboniferous epoch of our existing 

may-flies. These ancient Insects 

differed in having the wings of 

another form from those of exist¬ 

ing Ephemeridae, and in having 

the hind wings equal in size to 

the front pair. Besides this, these 

Insects had, as shown in Pig. 285, 

prothoracic dorsal appendages; 

some had also projections from the 

abdominal segments, considered liy 

Brongniart to be of the natnre of 

gills. Some doubt must exist as to 

this point, for we find in the imago 

of one of our existing Ephemeridae, 

Oniscigaster vjakefieldi, Eig. 284, 

abdominal processes that are net 

gills. 

It is remarkable that may¬ 

flies, which now form a com¬ 

paratively unimportant part of 

the Insect tribe, should in far 

distant times have been represented 

by so great a variety of allied forms. 

Our fragile, short-lived may-flies 

appear to be, as Scudder says, the lingering fragments of an 

expiring group. 

Fig. 285.—Homaloneurahonnieri ; Car¬ 
boniferous of Coninieiitry. (After 

Bi’ongniart.) 



CHAPTER XX 

NEUROPTERA PLANIPENNIA-SIALIDAE, ALDER-FLIES, SNAKE-FLIES- 

PANORPIDAE, SCORPION-FLIES IIEMEROBIIDAE, ANT-LIONS, 

LACEWINGS, ETC. 

Fam. VIII. Sialidae—Alder-flies and Snake-flies. 

Foim- loings of moderate size, meetinr/ in repose over the hack at 

an angle ; the hinder of the tv:o pairs slightly the srncdlcr; 

the anal area small or nearly ethsent, not plicate. Xervures 

moderately numerous, transverse veinlets modercdely numerous, 

forming irregularly disposed cells. 'The metamoiphosis is 

great; there is a cpuiescent pupa. The larva has the mandihlcs 

formed for hiting, armed with strong teeth. 

The Sialidae, though but a small family of only some six or 

eight genera, comprise 

a considerable variety of 

forms and t^yo sub¬ 

families — Sialides and 

Ihiphidiides. The former 

group has larvae with 

aquatic hal.uts possessed 

(if branchiae but no 

spiracles. 

Tialis lutaria is one 

(if tlie commoner British 

Insects frequenting the 

vegetation about the 

1 lanks of tranquil streams; 

it is well known to 

anglers, being used liy 
tliem for a bait. According to Ilonalds it is called the alder or 
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orl-tiy, and in Wales the humpback. It is very unattractive in 

appearance, being of a blackish colour, with wings of a 

yellow-brown tinge, and makes but a poor show wlien flying. 

The female deposits patches of elongate eggs, placed on end and 

packed together in a very clever manner (Fig. 287). These patches 

of eggs, of a stone-gray colour, are common objects on rushes 

or stems of grass near water, and it is stated that there may 

he' no less than 2000 or 3000 eggs in one of them. Our 

flgure gives some idea of the mode in which the eggs are arranged, 

Fig. 287.—Portion of a row of eggs of Fig. 288.—Sialis lutaria, 
Sialis hUaria. (After Evans.) larva. 

and the curious narrow process that exists at the end of each. 

The eggs are said to be sometimes placed at a consideralile distance 

from wmter, so that when the tiny larvae are hatched they 

must begin their lives Ity flnding the way to a suitalfle pool or 

stream. The larvae (Fig. 288) are oltjects of very great interest 

owing to each of segments 1 to 7 of the hind body being furnished 

on each side with a jointed fllament, while the last segment ends 

in a still longer, hut unjointed process. These fllaments are 

liranchiae by means of which the Insect olitains air, being, as we 

have said, destitute of spiracles. It is an active creature and 

waves its fllaments in a very graceful manner; this ]U’ocess no 

doubt aids the branchiae in their respiratory work. These larvae 

are well able to exist out of water if they have a sufficiently 

damp envii’onment. They live on animal matter, but their life- 

history has not been followed in much detail and it is not known 
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how many moults they make. The young larva has the head 

disproportionately large and the brancliial tilaments longer. 

When the growth is completed the larva returns to land, seeks a 

suitable situation in the soil, and after an interval changes to a 

pupa, in which the characters of the perfect Insect are plainly 

visil:)le. Subsequently, without becoming again active, it changes 

to the perfect Insect, and enjoys, for a few days only, an aerial life. 

The anatomy of the larva has been treated by l)ufour.^ The 

supra-oesophageal ganglion is remarkably small; nothing is said 

as to the existence of an infra-oesophageal ganglion ; there are 

three thoracic and eight abdominal 

, ganglia; tlie first pair of these latter 

> are nearer together than the others, and 

this is also the case with the last three. 

The alimentary canal in the adult is 

provided with a large paunch attached 

to the crop l)y a narrow neck," l)Ut 

Dufour coiild find no trace of this in 

the larva. The structure of the bran¬ 

chiae has also been described by the 

indefatigable French entomotomist. .V 

tracheal tube sends a branch into one 

of the appendages (Fig. 289); the 

branch gi^•es oft' numerous smaller 

tracheae, which at their extremities 

l.ireak up into branchlets close to the 

integument. The tracheal tube that 

receives each main branchial trachea, 

sends off from near the point of entry 

Fig. 289.—Structure of traciieai gill of the latter another trachea, that 

so that the branchiae act as ornans of 
O 

locomotion as well as of respiration, and by their activity in the 

tormer capacity increase the efficiency of their primary function. 

The genus tSialis occurs in a few species only, throughout tlie 

' A/in. Sci. Xat. .scries 3, ix. ZooL 1848, p. 91, jil. 1. 

Newport, Tr. Lum. Hoc. xx. IStl, ])1. 21, tig. 13. Loew, however, who also 

describes and figures the anatonu' of S. lutaria, states that there is no paunch. 

Linnuca ciitomoloijka, iii. 1848, p. 354. 
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whole of the Palaearctic and Nearctic regions, and reappears in 

Chili,^ though absent in all the intervening area. Several other 

genera of Insects exhibit the same peculiarity of distribution. 

The genera Corydcdis and Cliaidiodes form a group distinct 

from Sialis, and are totally differ¬ 

ent in appearance, being gigantic 

Insects, sometimes with the man¬ 

dibles of the male enormously 

elongated (Fig. 290). The species 

of Corydalis are called in North 

America Hellgrammites; Eiley 

has descril)ed and figured the 

metamorphosis of C. cornutus'^ the 

life-history lieing very similar to 

that of our little Sialis. A mass 

consi.sting of two or three thousand 

eggs is formed by the female, and 

the young larva has long fila¬ 

ments at the sides of the body 

like Sialis. These in the later 

larval life are comparatively shorter, 

but the Insect is then provided 

with another set of gills in the Fig. 290.—Corydalis crassicomis, male, 

form of spongy masses on the 

under-side of the body. Eiley, 

however, considers that the.se organs serve the purpose of attach¬ 

ment rather than of respiration. The 

larvae are known to the Alississippi 

fishermen as crawlers, and ai’e greatly 

esteemed as l:)ait. 

The Eaphidiides or snake-flies form 

the second tribe of Sialidae. There are 

only two genera, Rapliidia and Inocellia, 

peculiar to the Palaearctic and Nearctic 

regions. The perfect Insects are chiefly 

remarkable for the elongation of the 

prothorax and l)ack of the head to form a long neck, and for 

the existence in the female of an elongate ex.serted ovipositor. 

with greater portioii.s of the wiugs 
removed. Te.xas. (After M'Lachlaii.) 

Fig. 291.—Raphidia notata, fe¬ 
male. Britain. (After Curtis.) 

i M'Lachlan, Ent. Month. May. vii. 1870, p. 145. 

- Ilep. Ins. Missouri, ix. 1877, p. 125. 
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The species are rather numerous, and liave been recently 

monographed l)y All)arda.^ The three or four British species 

of the genus are all rare Insects, and occur only in wooded 

regions. 

The Baphidiides, like the Sialides, have a carnivorous larva, 

which, however, is terrestrial in halnts, feeding, it would appear, 

chiehy on Insects that harbour in old timljer. The snake-tly 

larvae (Fig. 292) are very ingenious in their manner of escaping, 

which is done by an extremely rapid wriggling backwards. They 

are capable of undergoing very prolonged 
fasts, and then alter in form a good deal, 
becoming shorter and more shrivelled; 
Fig. 292 is taken from a specimen that 
had been fasting for several weeks. TheA* 
are excessiA'ely A’oracious, and hunt after 
the fashion of beasts of prey; their habits 
luiAm been described by Stein," Avho states 
that he kept a laiwa from August to the 
end of MaA" of the following A’ear Avithout 
food; it then died in a shriA-elled-up state. 
The laiwa of the snake-tly changes to a 
pupa that is remarkably intermediate in 
form betAveen tlie perfect Insect and the 
larA-a; the eyes, legs, Aving-pads, and ovi¬ 
positor being but little different from those 
of the imago, Avhile the general form is 

YiQ.292.—Ruphidia notata, larA'a, and the peculiar elonga- 
larva. New Forest. , ^ 

tioii ot the neck ot the imago is absent. 

This pupa differs from that of Sialis in the important particular 

that before undergoing its final ecdysis it regains its activity and 

is able to run about. 

The internal anatomy of Ha^Mdia has lieen treated by Loew,^ 
and is of a A'ery remarkable, character ; Ave can liere only mention 
that the salii'ary glands consist of a pair of extremely elongate 
tubes, that there is a A'ery definite ])aunch attached as an ap¬ 
pendage to one side of the crop, and that the. most peculiar 
character consists of the fact that, according to Loew, four of the 
six Malpighian tubes have not a free extremity, being attached 

' Tijdsclir. Eld. vol. xxxiv. 1891. - Arch./. Xaturg. iv. i. 1838, p. 315. 

^ Linnaca enlomologica, iii. p. 1848, 346, pi. i. 
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at each end so as to form elongate loops; the mesenteron is verj 
complex in character. 

A considerable number of fossil re¬ 

mains from both Tertiary and Mesozoit’ 

strata are referred to Sialidae ; and a 

larval form from the red sandstone 

of Connecticut has been considered by 

Scudder to he a Sialid, and named 

Mormolucoides articulatus, hut the cor¬ 

rectness of this determination is very 

doubtful (Fig. 293). These fossils are, 

however, of special interest as being the 

most ancient Insect larvae yet brought 

to light. A still older fossil, from the Car- 

l)oniferous strata of Illinois called Miaviia 

hronso7ii, is considered by Scudder to have 

several points of resemblance to Sialidae. 

Fro. 293. — Mormolucoides 
articulatus, lar'va. Trias 
of Connecticut. (After 
Scuddex'.) 

Fam. IX. Panorpidae—Scorpion-flies. 

Head iprolonged to form a deflexed bea.k, ‘provid.ed vnth ixdpi near 

its apex; wings elongate and 

narrovj, shining and destitute of 

hair, vnth numerous, slightly 

divergent veins and inoderately 

nu7nero'US transverse veinlets {in 

one genus the wings are ahsent). 

Larvae provided with legs, a^iel 

usually tvith numerous prolegs 

like the saiv - flies : hahits car¬ 

nivorous. 

The majority of the members 

of this family are very readily 

distinguished l)y the lieak-like 

front of the head, this being 

chiehy due to enlargement of 
Fig. 294. —Panorpa communis, male. n i i n 4 i c ^ 

Cambridge. parts ot the heaxl itseli, and 

in a le.ss degree to prolongation 

of the mouth-parts. The upper (or front) face of the beak is 

formed entirely by the clypeus, the labrum being scarcely 

VOL. V 2 G 
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visil)le, thoiigli it may be detected at the sides of the tip of the 

lieak; the sutures between the various parts of the head are 

nearly or cpiite obliterated, Imt it is probal)le that the sides of 

the l)eak are formed Ijy the genae and by the stipites of the 

maxillae, and its nnder-snrface chiefly by the snbmeiitum: the 

mentnm itself is Init small, the ligula is small, bifid at the ex¬ 

tremity, and each branch bears a two-jointed palpus, the 

basal article being of very peculiar structure in Fanorpa. Tlie 

mandibles are l)ut small, and are placed at the apex of the beak; 

they have each the form of an oldong plate aimed with two 

very sharp teeth, and they cross freely. The maxillae are the 

only parts of the mouth-pieces that are very elongated; each 

. cardo is articulated at the base of the head, and the stipes extends 

all the length of the side of the beak; each maxilla bears a five- 

jointed palpus and two small but very densely ciliated lobes. 

The antennae are long, very slender, and fiexil.de, and are many- 

jointed; they are inserted between the eyes in large foramina; 

there are three ocelli, or none, and the compound eyes are 

moderately large. The prothorax is small, its notum is Cjuite 

small or moderate in size, and the prothoracic stigma is placed 

behind it; the side-pieces are small, and there is no chitinous pro¬ 

sternum except a small longitudinal strip placed in the mem¬ 

brane between the coxae; these latter are of only moderate size, 

and are free and dependent. The meso- and meta-thorax are 

large, their side-pieces are of consideralde dimensions and bear 

large, dependent coxae and supporting-pieces (Fig. 58); there is a 

stigma placed between the meso- and meta-thorax at the hind 

margin of the upper part of the meso-trochantin ; both meso- and 

meta-notum are transversely divided. The abdomen is elongate, 

slender, conico-cylindrical, consisting of nine segments; the basal 

segment is membranous and concealed; the terminal appendages 

are of varialde nature according to the species and sex. The legs 

are elongate and slender, the tarsi five-jointed. The internal 

anatomy of Fanorpa cuminunis has lieen examined by Dufour’^ 

and Loew.^ Fhey agree in describing the alimentary canal as 

lieing of ])emdiar structure: there is a short, slender oe.so})hagus 

leading to an organ in which there is seated a remarkable 

arrangement of elongate hairs; this structure might be looked 

on as the proventriculus, Imt Loew considers it to be rather a 

1 Mem. Ac. Sci. itrawj. vii. 1841, p. 582. “ Limiaca entum. iii. 1848, p. 363. 
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division of the time stomac-h. The particulars given by these 

two anatomists as to some other parts of the internal anatomy 

are very discrepant. 

The Panorpidae form a small family of only nine or ten genera, 

two or three of these being exotic and only imperfectly known ; 

the three genera found in Europe are composed of very curious 

Insects. The scorpion-flies—Panorpa proper—are very common 

Insects, and have received their vernacular name from the fact 

that the males have the terminal segments elongate and slender 

and very mobile, and carry them curved up somewhat after the 

fashion of the scorpions (Fig. 294). It is said that Aristotle was 

acquainted with these Insects, and considered them to he really 

' winged scorpions. 

A second European genus, Boreus, is still more peculiar; it is 

destitute of wings, and has the appearance of a minute wingless 

grasshopper; it is found 

from late autumn to early 

spring in moss and under 

stones, and is said to he some¬ 

times found disporting itself 

on the surface of the snow : 

the female of this Insect 

has an exserted ovipositor. Fiq. 295.—^omw/w'emaZw, female. Dumfriesshire. 
The writer has found this 

little creature in Scotland among moss in Hovemher, and under 

stones early in March (Fig. 295). The third European genus, 

Bittacus, does not occur in our islands, but is common on many parts 

of the Continent; the perfect Insect has a great resemblance to a 

Tipida, or “ daddy-long-legs ” fly, and attaches itself to the stems 

of grasses, and preys on flies; according to Brauer it has the 

peculiar habit of using the hind pair of legs as hands (Fig. 296), 

instead of the front pair, as is usual in Insects. This remark¬ 

able genus is widely distributed, and species of it are found even 

in the Antipodes. A species inhabiting caves has been mentioned 

by M'Lachlan.^ 

The early stages of the Panorpidae were for long unknown, hut 

have recently been discovered by Brauer: he obtained eggs oi Ba^iorpa 

by confining a nuniher of the perfect flies in a vessel containing 

some damp earth on which was placed a piece of meat; when 

1 Ent. Month. Mag. 1894, p. 39. 
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the young larvae were hatched they luiried themselves in the earth 

and nourished themselves with the meat or its juices. These 

larvae (Fig. 297) hear a great resemblance to those of the Hymenop- 

terous family Tenthredinidae; they liave biting mandibles and 

palp-1 )eai'ing maxillae, and show no approach to the peculiar 

mouth structure found in the Ilemerobiidae; there are three pairs 

of feet placed on the three thoracic segments, and there is also a 

pair of less perfect feet on each of the first eight abdominal 

segments, those behind being the larger. The upper surface of 

Fra. 296.—Bittacus tipulcmus holding 
a tly ill its liiiid legs. Austiia. 
(After Brauer.) 

Eig. 297. —Young larva of 
Panorpa communis. 
(After Brauer.) 

the body bears spines, which, however, disappear after the first 

change of skin, with the exception of the larger processes on the 

])Osterior segment, which persist throughout the life of the laiA'a. 

The larvae are active for about one month ; after this they become 

(piiescent, luit do not change to the pupa state for several weeks ; 

when this happens they change in form and cannot creep, although 

tlieir limlis are not enclosed in any pupa case. Brauer also dis¬ 

covered larvae of I^tnorpa luiis at large in numbers in an 

old tree stump that was (piite covered with moss, and contained 

many ants in the mouldering wood. The ants appeared to be on 

friendly terms with the Ptmorpa larvae. The earlier stages of 
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Borens and Bittacus were also observed l)y Brauer; they are 

essentially similar to those of Panoiya, hut the larva in Borens is 

not provided with abdominal prolegs. The Panorpidae have 

been separated from the other ISTeuroptera by certain naturalists 

as a distinct Order, called Panorpatae Ijy Braner, Mecaptera l;)y 

Packard; but in their structure as well as in their metamorphoses 

they are not so distinct from the Phryganeidae and the IPemero- 

biidae as to justify this step. 

Possil forms of Bittacus and of Panoiya have been found in 

amber and in the Tertiary strata, and Scudder has described some 

forms from Plorissant in which there are no cross-veinlets in the 

wings. Some remains from the English Lias have been referred 

to Panorpidae by Westwood under the name Ortlioplilehia, but it 

is by no means certain that they really belong to the family. 

Fam. X. Hemerobiidae—Ant-lions, Lacewing-fiies, etc. 
« 

Head vertical ; maxillae free, loitli five-jointed palpi ; labial palpi 

three-jointed. Wings svBegual in size, loitli much reticula¬ 

tion, without anal area. Tarsi Jive-jointed. Metamorphosis 

great; the larvae with mandibles and maxillae coadapted to 

form spear-like organs that are suctorial in function. Pupa, 

similar in general form to the imago, enclosed in a cocoon. 

Fig. 298.—BrejyaneiUeryx ptialamoidcs. Scotland. 

The Plemerobiidae are an extremely varied assemblage of 

Xenroptera; the perfect Insects of the various sub-families are 

very different in appearance, Imt the family as a whole is 

naturally defined by the very peculiar structure of the niouth- 

oi’O'ans of the larvae. These Insects have, in fact, a suctorial 
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niouLh in their early life, and one of the ordinary biting type in 

adult life. 

This is a very unusual condition, being the reverse of what 

we find in Lepidoptera and some other of the large Orders, 

where the mouth is mandibulate in the young and suctorial in 

the adult. Tlie suctorial condition is in Hemerohiidae chiefly 

due to modification of the mandibles; but this is never the case 

in the Insects that have a suctorial mouth in the imaginal 

instar. Nearly all the Hemerohiidae are terrestrial Insects in all 

their stages; a small number of them are, to a certain extent, 

amphibious in the larval life, while one or two genera possess 

truly aquatic larvae. The metamorphosis is, so far as the 

changes of external form are concerned, quite complete. There 

are no wingless forms in the adult stage. 

The classification given by Hagen ^ and generally adopted 

recognises seven sub-families. These we shall mention seriatim. 

Sub-Fam. 1. Myrmeleonides or Ant-lions.—Antennae short, 

cluhled, the apical space of the wing with regular, ollong 

cellules. 

The ant-lions in tlieir perfect state are usually unattractive 

Insects, and many are nocturnal in their halhts ; the species of the 

genus lhilp((res and allies (Fig. 21)9) are, however, of more handsome 

appearance, and attain a large expanse of wing. No member of the 

sub-family is an iidialiitant ot llritain, though species of the typical 

genusMgr))ieleon are common in Central and Northern Europe. The 

Stettin, ent. Zett. xxvii. 1866, p. 369 ; tliis author has also sketched a classifi¬ 

cation of the larvae in P. Poston Soc. xv. 1873, p. 243. 
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remarkable habits of their larvae attracted the attention of natur¬ 

alists so long ago as two hundred years. We owe to Eeanmur an 

accurate and interesting account of M. formicarius, the species 

found in the neighl)ourhood of Paris. The larvae are predaceous, 

and secure their prey by means of pitfalls they excavate in the 

earth, and at the bottom of which they bury themselves, leaving 

only their elongate jaws projecting out of the sand at the bottom 

of the pit. They move only backwards, and in forming their pit 

use their broad body as a plough, and throw out the sand by 

placing it on the head and then sending it to a distance with a 

sudden jerk. When about to construct its trap the larva does 

not commence at the centre, but makes first a circular groove of 

the full circumference of the future pit. Burying its abdomen 

in the surface of the earth, the Insect collects on to its head, liy 

means of the front leg, the sand from the side which is nearest to the 

centre, and then jerks the sand to a distance. By making a second 

circuit within the first one, and then another, the soil is gradu¬ 

ally removed, and a conical pit is formed, at the bottom of which 

the ant-lion lurks, liurying its body but leaving its formidable 

mandibles widely extended and projecting from the sand. In this 

position the young ant-lion waits patiently till some wandering 

Insect trespasses on its domains. An ant or fly coming over the 

edge of the pitfall finds the sand of the sloping sides yielding beneath 

its body, and in its effort to secure itself probably dislodges some 

more of the sand, which, descending to the bottom of the pit, brings 

the lurking lion into activity. Availing himself of his power of 

throwing sand with his head, the ant-lion jerks some in the 

neighl)ourhood of the trespasser, and continues to do so until the 

victim is brought to the bottom of the pit and into the very jaws 

of its destroyer; then there is no further ho])e of escape; the 

mandibles close, empale their prey, and do not relax their hold 

till the body of the victim is exhausted of its juices. The position 

chosen is in a place that Avill keep dry, as the larva cannot carry 

on its operations when the sand is Avet or damp, hence the soil at 

the base of a liigh Avail or a rock frecpiently harbours these 

Insects. The parts of the mouth of the Myrmchon are perfectly 

adapted for enabling it to empty the victim Avithout for a 

moment relaxing its hold. There is no mouth-orifice of the 

usual character, and the contents of the A’ictim are brought 

into the buccal caAuty liy means of a groove extending along 
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the under side of each iiiandilile; in this groove the elongate 

and slender lohe that replaces the maxilla 

— there being no maxillary palpi — 

plays backwards and forwards, prohal)ly 

rakino; or di>m"iiio; backwards to the 

l)uccal cavity at each movement a small 

(piantity of the contents of the empaled 

victim. The small lower lip is peculiar, 

consisting in greater part of the two lobes 

that support the labial palpi. The pharynx 

is provided with a complex set of muscles, 

and, together with the buccal cavity, func¬ 

tions as an instrument of suction. After the 

prey has been sucked dry the carcass is 

jerked away to a distance. "When the 

ant-lion larva is full grown it forms a 

globular cocoon Ity fastening together 

grains of sand with fine silk from a 

slender spinneret placed at the posterior 

extremity of the body; in this cocoon it 

changes to an imago of very elongate 

form, and does not emerge until its meta¬ 

morphosis is quite completed, the skin of the 

pupa, lieing, when the Insect emerges, left behind in the cocoon. 

The names l)y whicli tlie European ant-lion has been known are 

very numerous. It was called Formicajo and Formicario by Yallis- 

neri al)Out two hundred years ago ; Iieaumur called it Forniica-leo, 

and this was adopted l)y some modern authors as a generic name 

tor some otlier of the ant-lions. The French people call these 

Insects lourmilions, of wdiicli ant-lion is our English eipiivalent. 

The Latinised lorm of the term ant-lion, Formicaleo, is not now 

applied to tlie common ant-li(.)n as a generic term, it liaving been 

proj)Osed to replace it by Jfi/rtnccolcon, ^rijrmdeo, or Jft/rmcleon ; 

this latter name at present seems likely to become generally 

adopted. There are several species of the genus found in Europe, 

and their trivial names have been confounded by various authors 

in such a way as to make it quite uncertain, without reference to 

a synonymic list, what s])ecies is intended by a.ny particular writer. 

1 lie species found in the neighbourhood of Lari.s, and to which it 

may he presumed Feaumur’s history refers, is now called Myrme- 

Fig. 300.—Lr.n’a of Jlyrme- 
leoniMllidipennis. {After 
Meiuert.) 
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Jeon forviicarnim by Hagen and others; M'Laclilan renamed it 

M. euro2xieus, but now considers it to be the M. nostras of 

Fourcroy. The popular name appears to be due to the fact that 

ants—Formica in Latin, Fournii in French—form a large part of 

the victims; while lion—the other part of the name—is doubt¬ 

less due to its prowess as a destroyer of animal life, though, as 

Eeaumur long ago remarked, it is a mistake to apply the term 

lion to an Insect that captures its prey by strategy and by 

snares rather than by rapidity and strength. The imago of 

2Iyrmeleon is of shy disposition, and is rarely seen even in 

localities where the larva is abundant. It is of nocturnal habits, 

and is considered by Dufour to be carnivorous. 

Considerable difierence of opinion has existed as to the structure 

of the mouth and of the alimentary canal in these larvae. Eeaumur 

was of opinion that there exists no posterior orifice to the alimentary 

canal, but Dufour ridiculed this idea, and stated positively that 

such an orifice undoubtedly exists. It is also usually said that 

the mouth is closed by a membrane. Meinert has recently exam¬ 

ined these points,’- and he states that the mouth is not closed by 

any membrane, but is merely compressed. He finds that there is 

no posterior exit from the stomach; that there is a compact mass 

without any cavity between the stomach and the point where the 

Malpighian tubes connect with the small intestine. The portions 

of aliment that are not assimilated by the larva collect in the 

stomach and are expelled as a mass, but only after the Insect has 

become an imago. This peculiar excrementitious mass consists 

externally of uric acid, and from its form and appearance has been 

mistaken for an egg by several naturalists. The posterior portions 

of the alimentary canal are, according to Meinert, of a remark¬ 

able nature. The small intestine is elongate, slender, and is 

coiled. There are eight very long and slender Malpighian tubes; 

a pair of these have free extremities, but the other six in the 

posterior part of their course are surrounded by a common mem¬ 

brane, and, following the course of the intestine, form ultimately 

a dilated body seated on a coecum. These six Malpighian tubes 

are considered to be partially, if not entirely, organs for the secre¬ 

tion of silk for forming the cocoon, the coecum being a reservoir. 

The canal terminates as a slender tube, which acts as a spinneret 

and is surrounded by a sheath. A complex set of muscles com- 

Ov* Danske Selslc, 1889, p. 43. I 
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pletes this remarkable spinning apparatus. The alimentary 

canal of the imago has been clescriljed and 

figured l)y Dufour^; it is very different 

from that of the larva. 

The ant-lion is capable of sustaining 

prolonged fasts. Dufour kept specimens for 

six months without any food. These In¬ 

sects are said to give off a peculiar ant-like 

odour, due, it is thought, to their ant¬ 

eating haljits. Although no species in- 

halfits Great Britain, yet one is found in 

Southern Sweden. Introduced specimens 

get on very well in confinement in our 

country,- and would probably flourish at 

large for some years if they were liber¬ 

ated. 

Although the number of known species 

and genera of Myrmeleonides is consider¬ 

able — that of the species being now 

upwards of 300—the members of the 

small genus Myrmeleon are the oidy forms 

that are known to make pits of the kind 

we have described. Other larvae^ are 

known similar in creneral form to the 

Fig. 301.—Upper a.spect of common aiit-lioii, but they walk forwards 
head and alimentary canal 
of Myrmdeon : a, crop ; 6, 
stomach ; c, free extremi¬ 
ties of two Malpighian 
tubes; d, terminal common 
portion of other six tubes 

tZ, coecum ; e, spinneret; , , i i i 
has observed this habit in the case ot 

in the normal manner, and apparently 

hunt their prey by lurking in a hidden 

place and, when a chance occurs, rush¬ 

ing on the victim with rapidity. Brauer 

/,/, muscles for protruding 

its sheath ; r/, </, maxillary J)en(l)’oleon. jJantherinus ill 
glands. (After Meinert.) 

the Prater at 
Adenna. 

The most remarkalfie lorms of Alyrmeleonides are contained 

in tlie genus Palpares. AVe figure Tomateres citrinvs (Pig. 299), 

an allied genus found in Eastern Africa as far south as Xatal. 

These Insects liave cons])icuous blotclies and marks on their 

wings. The s])ecies of Myrmehim are similar in form, but are 

simdler, more feel)le, ami less ornate in appearance. 

1 Ann. Hci. itranrj. vii. 1834, ])1. 12. ^ M'Lachlan, Ent. Month. May. ii. 1865, p. 73. 

^ ReJtenbacher, Dciik. Ah. Wien, xlviii. 1884, p. 335. 
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PitfallSj formed in all probability by ant-lions, have been 
noticed in the Galapagos islands and in Patagonia, though none 
ot the Insects forming them have been found. 

Sub-Fam. 2. Ascalaphides .—Antennae elongate, ivith a knoh at 
the tip ; the apical area of the wing ivith irregular cellules. 

Fig. 302.—Ascalaphns coccajus. East Pyrenees. 

The sub-family Ascalaphides is not represented by any species 
in Britain, thougli Ascalaplius longicornis occurs as far north as 
Paris. In the mountainous regions of Central and Southern 
Europe some species of the group form a conspicuous part of the 
Insect fauna, owing to their bold and active flight; they are pre¬ 
daceous in their habits, and fly about in a hawking fashion'some¬ 
what like that of dragon-flies. Some of the larger of the numerous 
exotic species of the group are very like dragon-flies, but can lie 
distinguished by a glance at the elongate antennae with a knob 
at the end. The sub-family consists of two groups—Holophthahni 
and Schizophtliahni. M'Lachlan says ^“ The eyes in tlie Schiz- 
ophthalmous division are really doulile, the up^ier portion over¬ 
lapping the under; if the upper portion be separated the lower 
division looks like a small spherical ordinary eye.” There 
appears, however, to be considerable differences in the genera in 
this respect. 

^ J. Linn. Soc. Zool. xi. 1873, p. 227. 
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AVhen the weather is wet or cold the Asealaphi repose on the 

stems of grass, with their wings placed in a roof-like manner, with 

the head downwards, and are then very successful in concealing 

themselves hy the positions they assume, and by sidling round 

the stems to escape from enemies. Some information as to their 

metamorphosis has been obtained, though knowledge of this point 

is far from complete even as regards our European species of the 

typical genus Asc.ala])hiis. Eor a long time it was supposed that a 

larva mentioned hy Bonnet in his writings was that oi Ascalaplms, 

Imt Brauer ^ is of opinion that such is not 

tlie case, and as he has described the meta¬ 

morphoses of A. macaronius he is no doubt 

correct. The eggs (Eig. .303, A), forty or 

fifty in number, are laid in two parallel rows 

on the stems of grass. The larvae (Eig. 304, 

larva of Helicomitiis ?) are in general appear¬ 

ance somewhat like those of Myrmeleon; 

they are carnivorous in their habits, like 

the ant-lions, and have similar extraordi¬ 

narily developed mandibles. Efforts to rear 

the young larvae failed, but they were 

kept alive for some time by supplying them 

with Aphidides found on Centcnireajacea. The 

cocoon is globular, and the change from the 

is 

Fig. 303.—A, Eggs of 
Asccdcqjhiis macaro- 

nim. B, Sketch of nymidt State to the imago is made in the 
po.sition of tlie young i tit.., 
iarv^ae of Heiicoviitus cocooii, the Structure 01 the mamiibles ot the 
iasimulans{'\); C, out¬ 
line of natural size. 
(After Westwood.) 

in 

pupa being peculiar, and specially adapted to 

the purpose of opening the cocoon.” The larvae 

of Ascalaphides, although so like the ant-lions 

appearance, do not form pitfalls for the capture of their 

prey, but lurk under leaves on the ground, or under stones; 

they do not move backwards, but progress forwards in an 

ordinary manner; the iialiit of liackward movement that we 

noticed in Myrmdcon being ]n’obably correlati-\"e with the habit 

<4 forming pitfalls, llagcui states ® that the larvae of Ascalaphides 

iind Myrmeleonides, in addition to their peculiarities of form and 

maaidilmlar structure, are distinguished from those of other 

1 lemeroliiidae by the hind legs having the tibia and tarsus united 

^ Vcrlu zvol.-bot. Ges. JVien, iv. 1854, p. 471. 

P. Boston Soc. XV. 1873, p. 

Westwood, l.c. p. 12. 
244. 
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without articulation. "Westwood ^ has recently given an account 

of the young larvae of a Ceylonese Ascalapliid of doubtful 

species, hut possibly Helicomitus 

insivuilans; these were observed by Mr. 

Staniforth Green to have the very 

peculiar habit of sitting together in 

a long row on the stein of a plant, 

with the jaws widely extended and the 

body of each one covered by the head of 

the individual next it (Fig. 303, B). The 

little creatures waited patiently in this 

position until a fly walked between the 

mandibles of one of them, then these 

formidable weapons immediately closed, 

and did not relax their hold until the 

fly was sucked dry. If "Westwood is 

correct, the young larva of this species 

differs much from the adult one, the 

hack of the liead being broad and the 

setigerous processes of the body Aury 

much more developed. Nearly thirty 

genera of Ascalaphides are known.” In 

the genus Haplogenius we find an exception to the usual rule 

that the wings in repose are held in a roof-like manner, it having 

been noticed 1jy Bates that in the species in question the wings 

are held expanded as in the dragon-flies. 

Guilding has descrilied ® a very peculiar mode of oviposition 

on the part of Ulula macleayana in the island of St. \"incent; 

the eggs ai’e said to he deposited by the female in circles on the 

extremity of a twig, and nearer the base of this there is placed a 

kind of harrier to repel intruders. “ The female may be seen 

expelling from her o^alry these natural harriers with as much 

care as her real eggs.” Guilding’s description was accompanied 

by drawings of the eggs, harriers and larvae, hut unfortunately 

these were never puhlislied, and no further information has been 

obtained on the subject. Hagen suggests that the harriers may 

Tr. Entom. Soc. London, 1888, p. 1, pis. 1, 2. 

Cf. M'Laohlan, J. Linn. Soc. Zool. ii. 1873, p. 219. 

^ Tr. Linn. Soc. .xiv. 1825, p. 140, and xv. 1827, p. 509. 

‘‘ P. Boston Soc. XV. 1873, p. 245. 

Fig. 304.—Larva of Helicomitus 
insimulans (1). (After West- 
wood.) 
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1)6 souiewliat similar to the long stalks on which the eggs of 

Chrysopa (hhg. 314) are placed. 

Sub-Fam. 3. Nemopterides.—Head viore or less yjroduced and 

leak-like. Hind loinys of peculiar form, being elongate and 

sometohat strap-like. 

The Nemopterides are a small group of delicate, graceful Insects. 

Fig. 305. — Xevioptera ledereri. Asia iMinor. Fig. 306. — Presumed larva of Xeinoptera 
(After Selys.) A. The imago; B, its head {Xccropihilus arenarius). After Roux. Pyra- 

seeii from in front and magnified. mids of Egypt. 

About thirty species are known. Knowledge of the group is 

still very imperfect. A liiiu'a has lieen found of a most remarkable 

nature that probably belongs to it; it was described under the 

name of Hecrupliilas urenarius, ;ind considered to be a fully- 

developed Insect. This larva occurs in the tombs and pyi’cimids 

of Egypt where sand has accumulated. The perfect Insects of 

the genus Nemoptera are, however, found in open places amongst 

l)ushes, and Hit about in a very graceful manner. Several species 

are found in Southern Europe and the Mediterranean region 
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(4ig. 305, JS. ledereri), but none come so far north as Central 

Europe, lornieiiy the genus Nevioptera was considered to he 

allied to Panorpa on account of the beak-like front of the head. 

The parts of the mouth are, however, different from those of 

Panorpa, and it seems more probable that if the Nemopterides 

have to be merged in any of the divisions of Hemerobiidae, 

they will be placed in Chrysopides or Osmylides. The species 

of the sub-family were for a long time believed to be peculiar to 

the continental regions of the Old World, but a species has 

recently been discovered in Northern Chili.^ 

Sub-Fam. 4. Mantispides.—Prothorax elongate; the raptorial 

jront legs inserted at its anterior part. 

The members of this small group are readily recognised by the 

peculiar structure of the Iront legs ; these organs resembling those 
of the Orthopterous 

family Mantidae, so that 

the earlier systematic en¬ 

tomologists, deceived by 

this resemblance, placed 

the IMantispides in the 

Order referred to. 

The Mantispides 

possess four membran¬ 

ous wings, either sub- 

equal in size or the 

posterior pair smaller 

than the front pair and 

not folded ; the veins of 

these wings are rather 

numerous, as are also the cells they form; there is considerable differ¬ 

ence amongst the species in this latter respect, owing to the transverse 

veinlets differing in their abundance. The antennae are short, not 

in the least thickened at the tip. The head is not produced into a 

beak. The anterior legs, placed quite at the front part of the thorax, 

have tlie coxae very long; the femur is somewhat incrassate, and 

is armed on one side with spines ; the tibia is shaped and articu¬ 

lated so as to fold closely on to the spines, and to thus constitute a 

formidable and perfect prehensile organ, the tarsus beiirg merely 

^ M'Laclilan, Tv. Ent. Soc. London, 1885, p. 375. 

Fig. 307.—Mantispa areolaris. Brazil. (After 
Westwood.) 
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a small appendage. Only a few species of Mantispa are found in 

Southern Euro])e; l»ut the group has representatives in most of 

the warmer regions of the world, and will probably prove to lie 

r.'ither numerous in species. The front legs are used for the 

capture of ])rey in the same way as the somewhat similar front 

legs of the Mantidae. 'I'he transformations liaA'e been observed 

liy Bi;auer ^ in the case of one of the European species, M. styriaca. 

The eggs are numerous l)ut very small, and are deposited in such 

a manner that each is borne .by a long slender stalk, as in the 

lacewing flies. The laiu ae 

are hatched in autumn; 

they then hibernate and go 

for about seven months 

Ijefore they take any food. 

In the spring, when the 

spiders of the genus Lycosa 

have formed their liags of 

eggs, the minute Mantispa 

larvae (Fig. 308, A) find 

tliem out, tear a hole in the 

haw, and enter ainono- the 

eggs; here they wait until 

the eggs have attained a 

fitting stage of development 

„ ono ir t ■ AT 1 before thev commence to Fig. 308.—Mantis2)a stynaca. A, Larva newly 
hatched, or tiryt form ; B, mature larva. (After feed. Brauei’ fouild that 

tkey ate the spiders when 

these were quite young, and then changed their skin for the 

second time, the first moult having taken place when they 

were hatched from the egg. At this second moult the larva 

undergoes a considerable cluinge of form ; it becomes unfit for 

locomotion, and the head loses the comparatively large size and 

high development it pnuuously possessed. The Mantispa larva. 

—only one of which ilourishes in one egg-bag of a spider—under¬ 

goes this cliange in the midst of a mass of dead young spiders 

it has gathered together in a pecudiar manner. It undergoes 

no further change of skin, and is full fed in a few days ; after 

which it spins a cocoon in the interior of the egg-bag of the 

spider, and changes to a nyni])h inside its larva - skin. 

' Vcrh. zool.-bot. Gen. Ifien, xix. 1869, p. 831. 
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Finally the nymph breaks through the harriers-—larva-skiip 

cocoon, and egg-bag of the spider—by which it is enclosed, 

and after creeping about for a little, appears in its final 

form as a perfect Mantispa. Thus in this Insect hypermeta¬ 

morphosis occurs; the larval life consisting of two different instars, 

one of which is specially adapted for obtaining access to the 

creature it is to prey on. It should he noticed that though this 

Insect is so destructive to the young spiders, the mother spider 

shows no hostility to it, hut allows the destroying larva to enter 

her bag of eggs without any opposition ; she appears, indeed, to 

be so unconscious of the havoc that is going on amongst her 

young that in one case she continued to w'atch over and protect 

the egg-hag in which the destruction was taking place during 

the whole of the period of the larval development and half the 

period of pupation of the Mantispa. 

The larval history of a second species of the Alantispides, 

Symphrasis varia, is partially known; ^ this Insect lives parasiti- 

cally in the nests of a South American wasp, and each larva 

when full fed spins a cocoon in one of the cells of the Hymen- 

opteron. 

Sub - Fam. 5. Hemerobiides.— Wings in repose forming an 

angular roof over the body; the antennae moniliform or 

pectinate, not clavate. 

The Hemerobiides consist of several minor groups about 

whose number and characters systematists are not very well 

agreed, and about some of which very little is known. We 

merely mention the latter, giving details as to some of the better 

known only. 
1. The Dilarina are a small group found chiefly in the Old 

World, where, however, they have a wide distribution. Horth 

and South America have each one species. They are distinguished 

by their antennae, which, in the male, are pectinate somewhat like 

those of many Lepidoptera, this character being of extremely rare 

occurrence in the Neuroptera; the abdomen of the female termi¬ 

nates in a long ovipositor. The metamorphoses are not known. 

2. Nymphidina: Australian Insects resembling Myrme- 

leonides, but having antennae without club. Metamorphoses not 

known. 
^ Bratier, Zool. Anz. x. 1887, pp. 212 and 218. 

VOL. V 2 H 
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3. Osmylina; a group of delicate and elegant Insects of 

small or moderate size, distinguished hy the possession of three 

simple eyes ])laced on tlie middle ol the head just above the 

antennae. A species of this group, Osniyhis chrysoj^is {maculatus 

of some autliors), is an inhabitant 

of llritain (Fig. 212); its larva is 

to some extent amphibious. The 

metamorphoses have been ob¬ 

served l»y iJufour, Erauer, and 

Hagen ; ^ it lurks under stones in 

or close to the water, or in moss, 

or on tlie stems of aquatic plants, 

and pierces and empties small 

Insects with its sucking-spears, 

which are very elongate. The 

young are hatched from the egg 

in the autumn and hibernate 

before becoming full grown; 

when this moment arrives the 

larva spins a round cocoon of 

silk mixed with sand. The pupa, 

B. siiie view of head Tf larva (after Of iivmph, ill general appearance 
Braiier);C, pupa (after Hagen). goiiiewhat resembles the perfect 

Insect, except that it is shorter and has the short wing-pads 

cliiiRinn close to the bodv. Diifonr denied the existence of 

abdominal spiracles in either larva or imago, but, according to 

Hagen, they are certainly present in both. It would appear 

that in the larva the alimentary canal is not open beyond the 

chylific ventricle, and that its terminal section is modilied to 

form a spinning apparatus. 

Osrnyliis and its allies, including Sisyra, are now frequently 

treated as a separate sub-family, Osmyliiles, equivalent to the 

Chryso])ides. In it is placed a very anomalous Insect—Psectra 

(lispar—of great rarity. The male has only two wings, the pos¬ 

terior pair being the merest rudiments, though the female has the 

four wings normally developed. Individuals of the male have been 

found' in widely separated localities in the Talaearctic region— 

Somersetshire being one of them—and alsf) in North America. 

Fig. 309.—Osmylus chrvsops. A, Larva : 

^ Lainaea eiitumologica, vii. 1852, p. 368, witli plates. 

^ See Albarda in Tijdschr. Ent. xvii. 1874, p. xvi. 
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The genus Sisyra forms for some Neuropterists the type of a 

separate group called Sisyriua, though by others it is placed, as 

we have said, with the Osmyliua, though 

it is destitute of ocelli. The larvae of at 

least one species of this geuus are aquatic, 

and have been found in abundance living 

in Spongilla {Epliydatia) Jiuviatilis, a 

fresh-water sponge; when discovered 

their nature was not at first recognised, 

as they possess on each ventral segment 

a pair of articulated appendages, look- 

ino; like lees, hut which are considered 

to be more of the nature of gills. The 

sucking-spears of this Insect are so 

long and slender as to look like hairs; 

wliether the little animal draws its 

nutriment from the sponge, or merely 

uses this latter as a place of shelter, 

is not ascertained. 

4. Hemerohiina : a somewhat num¬ 

erous group of small or more rarely 

moderate-sized Insects, with moniliform 

antennae, no ocelli, a complex and 

comparatively regular system of wing-nervures; the veinlets are 

especially numerous at the margins, owing to the mode of forking 

Fig. 311. — Larva of 
llemerobius sp. from 
Kent. A, The larva 
bare ; B, the same, 
partially concealeil 
by the remains of 
its victims, etc. ; a 
portion of the cover¬ 
ing has been removed 
in order to show the 

head. 

A B 

of the nervures there (Fig. 298, Brepanepteryx plialaenoides). 

The larvae of most of the species of which the habits are known 

Fig. 310.—A, Larva of Sisyra 
fuscata, ventral aspect; B, an 
abdominal appendage. (After 
Westwood.) 
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live on Apliides, which they suck dry, and at least one species, 

in all prol)ahility several, has the hal>it of covering itself with 

the skins of the victims it has sucked; to these remains it adds 

other small dehris, and the whole mass completely covers and 

conceals the Insect (kig. 311, 15). The larva is furnished at 

the sides with projections wliich serve as pedicels to elongate 

divergent liairs, and these help to keep the mass in place on 

the hack of the Insect; some tine tlireads are distrilmted througli 

this curious mantle and serve to keep it from disintegration, hut 

whether they are fragments of spiders’ wehs or are spun by the 

Insect itself is not cpiite clear. 

The genus JJreimnepteryo: consists of several species, and 

appears to he l)est represented in the Antipodes; we have, how¬ 

ever, one species in Britain^-il. 'phalae- 

noides (Fig. 298)-—-an extremely interest¬ 

ing memher of our fauna. This Insect 

has, like several of its congeners, a 

moth - like appearance, and it has a 

peculiar structure for I)ringing the hind 

and fore wings into correlation, the costa 

at the base of the hind wino; beiim’ 

interrupted and prominent, furnislied 

with setae (Fig. 312, A), and playing in a 

cavity on the under-surface of the front 

wing. This character is of great interest 

in connexion with analogous structures 

of a more perfect nature existing in various 

moths. M'Lachlan has described and 

Fig. 312.—Portions of wings of figured ^ a more primitive, thoucdi analo- 
J)repane2Jieryxphcdaenoides. ,. . . . ® 
A, Under-face of basal parts COlltlltlOll 01 thc Wlllg'S ill 2feff(llo77lUS 

of the two wiug,s; « base JUrtits, also a species of British Hemero- 

wing. B, Portion of front biiiia. Another very curious feature of D, 

wing, showing the apparent phcdaenoides is showu ill Fig. 312,B there 

])eing a narrow space on the hind part of 

the front wing from which the colour is alisent, while the nervures 

appear to be interrupted ; they are, howevei', really present, though 

transparent; the nature of this peculiar mark is quite unknown, 

but is of considerable interest in connexion with the small trans¬ 

parent spaces that exist on the wings of some butterflies. . 

^ Tr. ent. Sue, London, 1868, p. 189. 
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Sub-Fam. 6. Chrysopides, Lacewing-flies.-—Frcujile Insects with 

elongate, setaceous antennae. 

The lacewing-liies—also called stink-flies and golden-eyes—are 

excessively delicate Insects, of which we possess ahont 15 species 

in Britain. Their 

antennae are more 

slender and less dis¬ 

tinctly jointed than 

they are in Hemero- 

Inides, and the Chry¬ 

sopides are more 

elongate Insects. The 

pecnliar metallic 

colour of their eyes 

is frequently very 

conspicuous, the eyes 

looking, indeed, as if 

they were composed 

Fici. 313.—Chrysopa flava, Cambridge. 

of shining metal; this fades very much after 

Fig. 314.—Eggs of Chrysopa. A, Five Fig. 315.—L.arva of Chrysojm .sp. Cambridge, 
eggs on a leaf; B, one egg, more A, The Insect niagnilied ; B. foot more 
imiguifled. (After Schneider.) iiiagnitied ; C, terminal apparatus of the 

claws, highly magnified. 

death. Although not very frequently noticed, the Chrysopides 

are really common Insects, and are of con.sideraltle importance 
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owing to their keeping “ greenhj ” in check. The eggs are very 

reinarkal)le olejects (Tig. .314), each one l:)eing supported at the 

top of a stalk many times as long as itself; in some species 

{C. aspersa) the eggs are laid in groups, those of each gronp 

l)eing supported on a common stalk. The larvae (Fig. 315) are 

of a very voracious disposition, and destroy large quantities of 

plant-lice hy piercing them with sucking-spears, the bodies of 

the victims being afterwards quickly exliausted of their contents 

1)y the action of the apparatus connected with the spears. The 

larvae of two or three species of Chrysopa cover them.selves witli 

the skins of their victims after the manner of the larvae of 

Hemerohius ; hut most of the larvae of Ch^rysopa are unclothed, and 

hunt their victims after the fashion of the larvae of Coccinellidae, to 

which these Chrysopa larvae bear a considerable general re.senil)lance. 

These larvae have a remarkable structure at the extremity of tlieir 

feet, but its use is quite un¬ 

known (Fig. 315, B, C). 

Some larvae of the uenus 
O 

make nse of various sul )- 

stances as a means of dis¬ 

guise or protection. I)ewitz 

noticed^ that some.specimens 

he denuded of their clothinrr 
O 

and placed in a glass, seized 

small pieces of paper with 

their mandibles and, bend¬ 

ing the head, placed the 

anorsels on their backs; 

here the pieces remained in 

conseipience of the exist¬ 

ence of hooked hairs on 

the skin. (ireen algae 

or cryptogams are much 

used for clothing, and 

Dewitz supposes that the 

Insect spins them together 

witli wehs t(j facilitate their I'etention. ^Vccording to Constant 

and Lucas “ the larvae of Ch rysopa attack and kill the larvae 

^ Biol. Centralbl. iv. 1885, p. 7‘2'2. 

- Bull. Boc. cnt. Frame ((5), i. 1881, pp. xxi. and .xxxi. ' 

Fig. 316.—Chrysopa {Hypoclm/sa) pallida. 
larva. (Altvr Bi'anur.) 



XX HEMEROBIIDAE 471 

of Lepidoptera and Phytophagous Hynienoptera. The curious 

form we figure (Fig. 316) has been hatched from eggs found hy 

Brauer on Pinus ahies in Austria. The eggs were of the stalked 

kind we have described; the young escaped from them in the 

autumn, twelve days after deposition, but did not take any food 

till the following spring. 

The Chxysopides are widely distributed over tlie earth’s sur¬ 

face. They form an important part of the fauna of the Hawaiian 

islands. 

Sub-Fam. 7. Coniopterygides.—Minute Insects with very feiv 

transverse nervules in the vmigs; having the body and wings 

covered, by a g)owdery efflorescence. 

These little Insects are the smallest of the Order FTeuroptera, 

and have the appearance of winged Coccidae; their claim to be 

considered members of the Xeuroptera was formerly doul^ted, 

but their natural history is quite concordant witl^ that of the 

Hemerobiid groups, near which they are now always placed. Low 

has made us acquainted 

with the habits and 

structure of an Austrian 

species, Conio'pteryx lutea 

TVallg., but for which he 

has proposed the new 

generic name Aleuroii- 

teryx; the larvae are 

found on Pinus murghv.s 

at Vienna feeding on 

Asjndiotus abietis,. which 

they pierce with sucking- 

spears, after the fashion 

of the Hemerobiides ; 

when full fed they spin 

a cocoon formed of a double layer of silk, in which meta¬ 

morphosis takes place in a manner similar to that of other 

Hemerobiidae. The better - known genus Conuqdeo'ijx differs 

from Aleuro-pteryx in having the sucking - spears short and 

nearly concealed by the Iront ot the head, which is somewhat 

prolonged. 

(After Ctirtis.) A, The inseet with wings e.x- 
paiiiled, maguitied ; B, with wings closed, natural 

size. 
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We may conclmle tliis sketcli ef the Hemeroliiid groups Ijy 

remarking tliat fossil remains of specimens of most of them have 

c 
Fig. 318.—A. Larva of Coniopteryx iineiformis [1). (After Curtis.) B, Head aud pro- 

thorax of larva of Coniopteryx sp.; C, upiper surface of head of larva of Voniopteryx 
(after Low), much magnified. 

been ■ detected in the Tertiary strata, and that in the Secondary 

strata these groups are represented by only a small number of 

fossils, which are referred specially to Hemerobiina, Xymphidina, 

and Chrysopides. 
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NEUROPTERA COXTIXUED-TRICHOPTERA, THE PHRYGANEIDAE OR 

CADDIS-FLIES 

Fam. XI. Phryganeidae—Caddis-flies. 

(trichoptera of many authors) 

Wings more or less clothed loith hair, nervures dividing at ver 

acute angles, very few transverse 

nervules; hind pair larger than 

the front, with cm anal area ivhich 

is frequently large and in repose 

qMcately folded. Antennae thread¬ 

like, porrect, of many indistinct 

joints. Mandibles absent or obso¬ 

lete. Coxae elongate and free but 

contiguous. Meta morphosis great; 

larvae caterp>illar-like, usually in¬ 

habiting cases of their own con¬ 

struction. Pupa resembling the 

perfect Insect fn general form, becoming active previous to 

the last ecdysis. Wingless forms of the imago excessively 

rare. 

The caddis-flies are Insects of moth-like appearance, found in the 

neighbourhood of water; their larvae live in this element, where 

they may sometimes lie found in ahundance. Phryganeidae are 

not very attractive Insects, and there are few of large size; 

Hence they have been much neglected by entomologists, and very 

little is known about the exotic forms of the family. The 

habitations constructed by the larvae are, many of them, of a 

Fig. 319.—Ilcdesus guttatipennis. 
Britain. (After M'Lachlan.) 
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curious nature, and usually attract more attention than do the 

creatures they serve to ])rotect. 

The I’liryyaneidae form the division or series Trichoptera; 

the two terms are therefore synonymous; those entomologists 

who consider these Insects to form a distinct Order use the latter 

appellation for it. 

The perfect Insect, though the wings are usually ample, has 

hut feelde powers of flight, and rarely ventures far from the 

water it was reared in ; it has a moth¬ 

like appearance, and the wings in 

repose meet, at an angle, in a roof-like 

inanner over the hack (Fig. .326, E). 

The head is .small, with the front in- 

flexed ; it has two large compopind eyes, 

and usually three ocelli; the antennae 

Fig. Z2Q.—iiydroptda angusteiia are slender,thread-like, and occasionally 
9. Britain. (Atter M‘Lachlan.) 

attain a great length. The jiarts of tlie 

mouth are very peculiar, the lahrum and the palpi—especi¬ 

ally the maxillary palps—being well developed, while the 

lobes of the maxillae and.labium are amalgamated and therefore 

indistinct. The lahrum is more or less elongate, and is more 

mobile than is usual in mandibulate Insects ; it is held closelv 

applied to the maxillae. These latter are small, have usually 

only a single small free lobe; they are united to one another and 

to the labium by memlirane in such a manner as to form a 

channel along the middle^-rf the mouth, the lahrum forming the 

roof of this channel. The palpi are in some cases (Sericosto- 

matides) of a remarkable nature; their joints vary in numlier 

from three to five, and difter sometimes in the sexes of the same 

specie.s. The lower lip a])pears as a plate supporting the labial 

lialpi, wliich are three-jointed and do not exhibit any peculi¬ 

arities ol structure comparalile witli those we have mentioned as so 

Ireipiently existing in the maxillary palps. Difference of opinion 

exists as to the mandililes, some entomologists declaring them to 

he entirely al)sent, while others state that a small tubercular pro¬ 

cess that may l)e seen in some species on each side of the lahrum 

is their representative. The prothorax is very small, the notum 

is tlie largest piece but is (piite short, the side-pieces are very 

small, and the .sternum a])pear.s to consist only of membrane. The 

me,sotliorax is much the largest segment of the body; its sternum 



XXI PHRYGANEIDAE 475 

is large, but is nearly perpendicular in direction, and is much 

concealed by the elongate, free front coxae, which repose against 

it. The metathorax is intermediate in size between the pro- and 

meso-thorax; its side-pieces are rather large, but the sternum is 

membranous, with a heart-shaped piece of more chitinous consist¬ 

ence in the middle, entirely covered by the michlle coxae. The 

side-pieces both of the meso- and meta-thorax are large, and are 

closely connected; the middle and posterior coxae are very large, 

elongate, and prominent, and the middle pair slope liackwards, 

so that their tips are in contact with the tips of the hind 

pair. The abdomen is cylindric and rather slender ; it looks as if 

formed of eight segments in addition to the terminal segment; 

this latter in the male usually bears remarkably modified 

appendages. The first ventral plate is sometimes, if not always, 

entirely membranous; indeed the texture of the segments is in 

general very delicate, so that they 

shrivel up to an extent that renders 

their comprehension from dried 

specimens very difficult. The legs 

are always elongate, the coxae attain- 

ino- in some forms a reniarkahle 
O 

leno-th, and the tibiae and tarsi are 

armed with many spines; the tarsi 

are five-jointed, slender, frequently 

very elongate, terminated by two 

large claws and an ■ apparatus, 

placed Ijetween them, consisting of 

a pair of liair-like processes with a fig. 321. 

memlu’anous lolre. 

The structure of the mouth-parts 

of the riiryganeidae has given rise 

to much difference of interpretation; 

it has recently been investigated by 

E. Lucas ^ in connexion with An/t- 

holia furcata (Fig. 321). He agrees 

with other observers that mandililes 

are present in the pu})a, but states 

that no rudiment of tliem exists in the imago, 

peculiar structure formed l>y the combination ot the maxillae and 

1 Arch. Xaturges. lix. 1893, Bainl I. p 285. 

Front view nf liead of 
Anabolia furcata. after removal 
of labrum. o, Ocellu.s ; an, base 
of antenna ; an, eye ; cm, cardo ; si, 
stipes ; I, external lobe ; .siip- 
)>ort of jialpus ; pm, i)alpus of 
maxilla ; g, eoiidyle of articulation 
of the absent mandible; ha, channel 
of hanstellum ; h, haustellum ; sp, 
apex of channel of haustellum (not 
e.xplained by Lucas) ; ch, chitinous 
point of external lobe of .second 
maxilla; jd, labial palp. (Alter 

Lucas.) 

He calls the 
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laltium a haTistelluin. He looks on the Triclioptera as possess¬ 

ing a mouth intermediate l)etween the biting and sucking types 

of Insect-montlis. He considers that the Phryganeidae take 

food of a solid, as well as of a li(|uid, nature by means of the 

haustellum, but the solid matter must 1)6 in the form of small 

])articles, and then is probably sucked up Ijy the help of saliva 

added to it. Lucas says also tliat in the larvae certain parts of 

the salivary glands serve the function (jf spinning organs, and it 

is from these that the salivary glands of the imago are formed; 

those salivary glands of the larva that are not spinning glands 

disappearing entirely. 

The eggs are deposited in a singular manner; they are ex¬ 

truded in a mass surrounded by jelly; there may be as many as 

one hundred eggs in such a mass. This is sometimes carried 

al;)Out by the female after its extrusion from the interior of the 

body, but is linally confided to a suitable place in stream, spring, 

or pool. It is' said that the female occasionally descends into the 

water to affix the egg-mass to some object 

therein, Imt this requires confirmation, 

and it is more probable that the egg-mass 

is merely dropped in a suitable situation. 

As soon as the larvae are hatched they 

I)egin to provide themselves with cases; 

they select small pieces of such material 

as may be at hand in the water, and 

connect them together by means of silk 

spun from the mouth. Ihirticulars as to 

these tubes we will defer till we have 

considered the larvae themseh'es. These 

have the general appearance of cater¬ 

pillars of moths; in order to move about 

they must put their head and the three 

liairs of legs at the front of the body out 

of their tul,)e or case, and they then look 

v(n-y like case-bearing caterpillars. The 

part of the body that usually remains 

under cover is different in texture and 

colour, ami frequently bears outstanding 

processes, or filaments, containing tracheae for the purpose of 

extracting air fi'om tlie water. Some peculiar spaces of a 

its case ; B, one of tlie 
ilorsal s]).aees of the ab- 
<loiiiinal segments more 
strongly magnilied. 
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different texture may be seen on certain larvae (Fig. 322, B); 

these may possil)ly be also connected with respiration. On 

each side of the extremity of the fjody there is a rather 

large hook by which the creature attaches its dwelling to its 

body, and there are also frequently present three large bosses 

on the anterior abdominal segment, which are supposed to 

assist towards the same end. The hold it thus obtains is so 

firm that it cannot he dragged out by pulling from the front; 

fishermen have, however, discovered a way of extracting it by a 

strategic operation: the cases are, as a rule, partially open 

l)ehind, and by putting a blunt object in and annoying the 

larva it is induced to relax the. hold of its hooks and advance 

forwards in the case, or even to leave it altogether. The firm 

hold of the larva is maintained in spite of the fact that the body 

does not fill the case. It is necessary that water should pass 

freely into and out of tlie case, and that there should be some 

space for the respiratory filaments to move in. The mouth of 

the case is open, and the posterior extremity is arranged by the 

larva in such manner as to allow a passage for the water; various 

ingenious devices are adopted hy different species of larvae with 

the object of protecting the hind end of the liody, and at tlie 

same time of permitting water to pass through the case. 

The mode of changing the skin, or the frequency with which 

this occurs in the larval state of the caddis flies has not been 

recorded. The duration of life in this 

stage is usually consideralile, extending 

over several months: indeed in our 

climate many species pass the winter in 

this stage, completing the metamorphosis 

in the following spring or summer; and 

as one generation each year appears to 

be the rule, it may be assumed that the 

larval condition in such cases lasts from 

seven to ten months. During this stage 

the Insects are chiefly vegetable feeders, 

some being said to feed on minute algae ; 

animal diet is not, however, entirely B, Mandibles of pupa of 

avoided, and it is said by Pictet that ^lolanna angiiUaia. 

not only do some of the ITiryganeidae eat other Insects, but that 

they also sometimes devour their companions. 
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the end of the larval period of existence the creature 

closes its case V)y a light well spun at each end, taking care not 

to prevent the ingress and egress of the water; it sometimes adds 

a stone or piece of stick, and having thus protected itself, changes 

to a nymph. During the first part of this metamorphosis the 

creature is conii»letely helpless, for there is so great a difference 

between the external structures (jf the larva and nymph as to 

make the latter a new being, so far as these organs are concerned. 

The changes take place in the interior of the larval skin, and as 

they are ccnnpleted this latter is shed piecemeal. The resulting 

pupa or nymph greatly resemljles the perfect Insect, differing 

consequently very much from the larva. Pictet, who paid 

special attention to the nymph condition of these Insects, con¬ 

cludes, however, that many of the organs of the nymph are 

actually formed within the corresponding yjarts of the larva, and 

has given a figure that, if trustworthy, shows that the legs of 

the nymph, notwithstanding the great difference between them as 

they exist in the larva and in the })erfeet Insect, are actually 

formed within the legs of the larva; each nymphal leg being 

rolled up in the skin of the corresponding larval leg, in a 

spiral, compressed manner, and the only articulations that can lie 

detected in the leg being those of the tarsus. The head of the 

nymph is armed in front with two curious projections that are, 

in fact, enormously developed mandil iles (Fig. 323,B); they serve as 

cutting implements to enable the nymph to effect its escape from 

its prison; they are cast off with the nymph-skin, the perfect 

Insect being tluis destitute of these organs. The abdomen of the 

nymph differs from that of the perfect Insect in possessing 

external respiratory filaments; the nymphs of some species have 

also the middle legs provided with swimming-hairs, that do not 

exist in the imago. 

As a rule the larvae bring the respiratory filaments into con¬ 

tact with the watei’ by moving the abdomen, but Fritz IMliller 

found ^ that those of a ^[acroncma move the gills themselves—after 

the manner of Ephemeridae—with much rapidity. Many kinds 

of larvae of I’liryganeids possess at the posterior extremity of the 

liody exsertile pouches in the form of finger-like, or even branched, 

]>rocesses into winch tracheae do not enter. IMiiller observed that 

in the Macronevia alluded to these pouches were generally not 

^ Ent. Xachr. xiv. 1888, ]i. 274. 
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exserted; when, however, the larva ceased to move the tracheal 

gills, then these pouches were protruded. He is inclined to con¬ 

sider them blood-gills. Similar structures are found in Eristalis 

and some other Dipterous larvae that have to breathe under 
difficulties. 

The imagines of certain species possess filaments—or some¬ 

thing of the sort—on the abdomen. Palmmi, who has examined 

these organs in Hydropsyche, thinks that they are the remains 

of gills that existed in the larva and pupa, and that they are 

functionless in the imaginal instar. MDachlan thinks that in 

Diplectrona, where the filaments are elongate, they may be 

functionally active even in the imago. ^ 

The skin of the nymph is at first very soft, but it soon 

hardens, and when about fifteen or twenty days have elapsed the 

nymph opens its case by means of the mandibular processes, and 

swims through the water with its back downwards till it reaches 

some solid object by which it can ascend to the air; the nymph 

skin then swells and splits, and the thorax of the imago pro¬ 

trudes ; this is soon followed by the disengagement of the head 

and other parts, and the imago having thus escaped, the nymph 

skin remains a complete model of the external structure of the 

nymph, and contains a considerable number of tracheae. This 

sketch of the metamorphosis of a caddis-fly does not apply 

in all its details to all the forms of caddis-flies, there being 

exceptions, as we shall mention hereafter. 

Dewitz has described ^ the first appearance and development 

of the wings in larvae of Phryganeidae. Each one appears at 

first in the form of a small thickening of the hypodermis, accom- 

paliied outwardly by a minute depression of the chitin (Fig. 

324, A). He compares the structure in the earliest stage to the 

entothoracic projections into the interior of the body. The 

rudiment grows as the larva increases in size, the chitinous por¬ 

tion being duly shed at the ecdyses. When the rudiment is larger 

and more complex, a mesoderm layer appears in it (Fig. 324, B); 

this is derived from a nerve-sheath near the rudiment. During 

the resting state of the larva—after its case has been closed, but 

before the pupal form has appeared—the wing assumes the form 

and position shown in C, Fig. 324. Dewitz’s description of the 

process leaves much to be desired, and it is doubtful whether in 

^ Trichoptera europ. 1878, p. 356, note. “ Berl. cnt. Zeitschr. xxv. 1881, p. 54 
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C the position of the wing on the exterior of the body is due 

to tlie stripping off of the chitinous integument, or to a process 

of eversion, or to both. 

Fio. 324. — Development of wings 
of Phryganeidae. (After Dewitz.) 
A. Portion of body-wall of 
young larva of Trichostegia ; 
cli, chitin, forming at r a pro¬ 
jection into the liypodermis m; 
r and d forming thus the first 
rudiment of the wing. B, The 
parts in a largely grown larva ; 
a, c, d, h, the much grown hypo- 
dermis separated into two parts 
by r, the penetrating exteu.sion 
of the chitin ; v, mesoderm. C, 
Wing-pad of another Phryganeiil 
freed from its case at its change to 
the pupa ; h, d, outer layer of the 
hypodermis, m, of the body-wall ; 
r, inner layer without nuclei. 

There are about 500 species of this family of Insects known as 

inhabiting the European region, and about 15 0 of this number occur 

in Britain. These are arranged by M'Lachlan ^—whose zealous 

and persevering work at this neglected family of Insects is beyond 

praise—in eight sub-families, on a system in which the structure 

of the maxillary palpi plays a principal part; they are called 

Phryganeides, Limnophilides, 

Sericostomatides, Leptocerides, 

Oestropsides, Hydropsychides, 

Ehyacophilides, Hydroptilides. 

The first three of these form 

the division “ Inaequipalpia,” 

in which the number of joints 

in the maxillary palpi differs 

in the two sexes, but is always 

five in tlie female. 

Phryganeides.—This group 
includes the largest forms of 

the family, and appears to be 

almost confined to the tem¬ 

perate regions of the northern hemisphere. This feature in 

^ Monograph of the British Triohoptera in Tr. ent. Soc. London, third series, vol. 

1866 ; and Monographic Revision of the European Triohoptera, 1874-1880. 

B’ 

A B 

Fia. 325.—Case.s of British Trichoptena. A, 
Of Odontocerum albicorne; Ah its ter¬ 
mination ; B, quadrangular case of Crv.ti- 
oecia irroraia ; B^, mouth of case. 
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their geographical distribution is, however, by no means peculiar 

to them, for a similar discontinuity of distribution exists in 

numerous other groups of Insects, and even in other divisions 

of the Phryganeidae. 

The Phryganeides almost without exception inhabit still waters, 

and it is more specially to them that the brief sketch of meta¬ 

morphosis given in the preceding pages will be found to apply. 

The larva always has the respiratory filaments simple and thread¬ 

like, though elongate, and lives in a case that it carries about; 

this case is open at both ends, and the larva is said to occasionally 

cut off the end having the least diameter and increase the other 

end, thus accommodating the habitation to its own growth. 

Limnophilid.es.—These Insects have only three, instead of four, 

joints in the maxillary jjalpi of the male, but in most other respects 

agree with the Phryganeides. There is, however, greater variety 

in the habits of the larvae, though all live in free cases. In the 
genus Enoicyla (Pig. 

326) we meet with the. 

anomaly of a Trichopter- 

ous Insect that lives 

amongst moss ami dead 

leaves, far away, it may 

be, from water. The cases 

of the Limnophilides are 

constructed of a great 

variety of materials, and 

are often decorated with 

shells containing living 

inmates. 

In the genus Apa~ 

tania the phenomenon 

of parthenogenesis is 

thought to occur, there being at least two species in which no 

male specimen has ever been discovered, though M'Lachlan has 

made special efforts to discover the sex of A. midiehris. It 

should, however, be stated that these species have not been ex¬ 

tensively investigated; A. arctica has been detected in the Arctic 

regions, and A. muliehris has occurred in several localities in 

Plurope, in Britain chiefly near Arundel in a lake of intensely 

cold water. 

2 I 

Fig. 326. — Metamorplio.ses of Enoicyla pus-ilia. 
(After Ritseiua.) A, Case of full-grown larva ; B, 
larva and ca.se inagnilied ; C, larva extracted ; D, 
wingless adult female ; E, male. 

VOL. V 
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Sericostomatides, like tlie Liiuuuphiliiles, is a 

species; the larvae are cliietly found in streams. 

A 

roup rich in 

They form 

portable cases out of sand and stones 

(Fig. o2o, 11, case of Crunoecia irrorata) 

in preference to vegetable matter. It 

is here that the genus Jlelicoiisyclic, 

which for long was an 

naturalists, is now placed, 

consists of Insects whose larvae form 

enigma to 

This genus 

S') ural cases, similar to small snail shells. 
Fig. 327.—Cases of lleUcopsyche . 1. • 

shuttieworthi. (After voii Sie- ol saiid or luinute stoiies. Iiiese objects 
hold.A, Natural size; B, C, occur in various parts of the world. 

F'ritz Muller ^ has informed us that the 

larva inhabiting one of them, when it withdraws entirely within 

its abode to repose, takes the precaution of anchoring its snail- 

like habitation, fixing it to a rock or stone by spinning some 

temporary silken threads. The respiratory filaments in this 

group are filiform. 

Leptocerides.—The first group of the division Aequipalpia; 

so that there are five-jointed maxillary palpi in both sexes; 

these organs are frequently developed in a remarkable manner. 

The antennae are usually extremely long and slender. The case 

of the larva is portable (Fig. 325, A, case of Oclontocerum) 

the respiratory filaments are not very conspicuous; they form 

short tufts placed on various parts of the abdomen. Muller ^ has 

called attention to a species whose larva lives in Brazil between 

the leaves of Bromeliae on trees. 

The Oestropsides is a small group, and has recently been 

reduced by M'Lachlan to the rank of an inferior division. 

Hydropsychides.—An exteirsive group, in which the larvae 

are believed to be chiefly of carnivorous habits. They vary, 

according to species, as to the nature of the respiratory 

filaments, and live in fi.xed abodes; these are less tubular than is 

the rule with the portable cases, and are formed from pieces of 

sand and stone spun together and fixed to larger stones under 

water. Sometimes several larvae live together in loosely compacted 

structures of this kind, and only form true cases when about to 

undergo their metamorphosis. Muller describes^ a Brazilian species 

of llhyacophylax as forming a case in which the mouth-end has a 

1 Zeitschr. tciss. Zuol. x.xxv. 1881, PI. IV. fig, 6. 
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large funnel-shaped verandah, covered by a beautiful silken net. 

This larva lives in the rapids of various rivulets, and the entrance 

to the verandah is invariably directed towards the upper part of 

the rivulet, so as to intercept any edible jnaterial brought down 

by the water. Several of these larvae, moreover, build their cases 

so that they form a transverse row on the upper side of a stone; 

as many as thirty cases may lie placed in one of these rows, and 

sometimes several rows are placed parallel with one another. 

This same larva has the habit of coming out of its case when 

necessary, and suspending itself in the water—as some caterpillars 

do in the air—by means of a silken thread. Other members of 

the Hydropsychides form tubes or covered ways of silk, earth and 

mud attached to stones, and in which they can move freely about. 

Some of the Hydropsychidae have been ascertained with certainty 

tq be carnix’orous in the larval state. A species of the genus 

Hydropsy die has been found by How^ard ^ to help itself in the 

task of procuring food by spread¬ 

ing a net in the water in con- 
O 

nexion with the mouth of its 

case. This net is woven in wide 

meshes with extremely strong 

silk, and supported at the sides 

and top by bits of twigs and 

small portions of the stems of 
water - plants. Small larvae Fig. 328.-Case, with head of larva and 

^ snare of ^sortli American Hydrojjsy- 
l)rOUght down by the current chid. (After Riley and Howard.) 

are arrested by this net for 
the advantage of the larva that lurks in the tube. The 

breathing organs of the larvae of Hydropsychides are apparently 

of a varied character, and would well repay a careful study. ]\Ir. 

^lorton informs the Avriter that some of our British species of 

Fhilopotamus and Tinodes have no gills either in the laiwal or 

pupal state, and probably resYiire by means of modified tracts in 

the integument. In some of the allied genera, e.g. FoJycentropus, 

the larvae are destitute of gills, luit the pupae possess them. 

The Rhyacophilides is another group in whicli the larval 

habitations are fixed. Some of these larvae hax'e no respiratory 

filaments, breathing only by means of the stigmata, but others 

have tufts of filaments. These Insects have a peculiarity in their 

^ Bep. of the Entomologist, 1886, p. 510, At asliiiigton. 
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metamorphosis inasmuch as the larva, instead of h'ing free, con¬ 
structs a cocoon in its case or other habitation in which to change 
t(^ a nymph. In the larvae that do not make use of a portal de 
case the abdominal liooks are not essential, and are replaced 
by other organs differing much in structure, being sometimes 
apparently of a sensitive nature, in other forms possibly respira¬ 
tory. Miiller tells us of a carnivorous laiu’a of this grouji in 
whicli the anterior legs are armed with powerful forceps for ])re- 
datory purposes. 

The Hydroptilid.es comprise the most minute of tlie 
I’hryganeidae, and their species will prol)- 
ably prove to be very numerous in well- 
watered tropical regions, though few have 
yet Ijeeii descriljed from there. The per¬ 
fect Insects (Tig. .320; l)ear an extreme 
resemblance to small moths of the grou]) 
Tineidae. The larvae (Tig. 329) are des¬ 
titute of respiratory filaments, and con¬ 
struct portable cases of a variety of 
forms, some resemlding seeds. Muller has 
given particulars of a curious nature as 
to the cases of some Brazilian Hydrop- 
tilides; one species moors its dwelling 
to a stone l.iy means of a long silken 
cable, l)y this artifice comlnning safety 
with the power of ranging over a con¬ 
siderable extent of water. In JJiauhis 
there is only a narrow slit at each end 

of the case, but one side of it is provided with two chimneys to 
permit the flow of water for respirat(.)ry purposes. 

The larva of Oxyetliira (Tig. 330) is a curious form, possess¬ 
ing comparatively long legs, and a head and thorax slender in 
comparison with the distended hind body. The cases are 
fastened, for the purposes of pupation, to a leaf of a water-lily. 

Some ^'ery curious anomalies as regards the development 
of tlie wdngs exist in the I’hryganeidae; Anomalapteryx, for 
instance, has the wings (piite short and useless for flight in 
the male, while in the other sex they are ample; in Enoicyla 
— the carious Insect figured on p. 481, in which the larvae 
are of terrestrial habits—we find the females with only rudiments 

Fig. 329.—IlydrojMla mac- 
lachlani. B, Ca.se witli 
larva magnified; A, larva 
more magnified. (After 
Klax>alek.) 
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of wings, while in Thamastes the posterior wings are absent in 

both sexes. These anoinahes are 

at present quite inexplicable; and 

we may here mention that we 

are in complete ignorance as to 

the functional importance of 

many of the peculiarities of the 

Phryganeidae. We do not know ^ 

why the mouth is reduced from 

the normal state, the maxillary 

palpi being, on the other hand, 

extraordinarily developed ; we do 

not know the importance of the 

numerous spines and of the 

spurs on the legs, nor of the Fr 

hairs on the wings, although 

these are amongst the most 

characteristic of the special features of this gronp of Insects. 

Fossils.—Abundant remains of Phryganeidae belonging to 

the Tertiary epoch have been discovered. They are common in 

amber, and it is a remarkable fact that a larval case has been 

found in amber. This seems almost inexplical)le, except on the 

assumption that such larvae were of arboreal habits, a condition 

that, at the present time, must be excessively rare, though the 

terrestrial hal)its of Enoicyla warrant us in believing it may 

occur. In the Tertiary Lake Basin at Colorado the remains of 

Phryganeidae in the imago state are extremely abundant, so 

that it is curious that hut few such remains have been found in 

Europe. In Auvergne the so-called indnsial limestone, which 

is two or three yards thick over a wide area, is considered to be 

composed chietly of the cases of larvae of this family. 

In the Mesozoic epoch some wings found in the lower Pnrheck 

strata are considered to be those of Phryganeidae; similar wings 

have been found in the Lias, but this is the only evidence of 

the existence of the family at that period except a tube, supposed 

to he a larval case, detected in the Cretaceous of Bohemia. 

Earlier than this nothing has lieen discovered that can be 

connected with the family, so that at present the palaeojitological 

evidence appears unfavoural)le to the view held by some that 

the Phryganeidae may be considered forms allied to the early 

1. 330.—Oxyethira costalis. A, Larva 
in case ;.B, cases fa.stened to leaf for 
pupation. (After Klapalek.) 
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conditions of the Lepidoptera. It should Ije noted that the 

head in Phryganeidae is the most important part from a 

systematic point of view, and that fossils have been chiefly 

identified from the wings ; this is a much more doubtful 

character, as the wings of the Phryganeidae have a simple 

system of neuration, and in shape have nothing very charac¬ 

teristic. 

Extinct Order Palaeodictyoptera. 

This seems to be the fittest place to notice the existence of 

some fossil remains from tlie I’alaeozoic rocks that cannot be 

fitly, or certainly, assigned to any of our existing Orders, and to 

which the above name has consequently Ijeen given. These 

remains consist chiefly of wings in a more or less imperfect state 

of preservation, and it is therefore quite doubtful whether the 

course of assigning them to a separate Order supposed to be ex¬ 

tinct be correct. This is all the more doubtful when we recollect 

that an Insect fossil, Eugereon hockingi, having the head with 

mouth-parts of a Hemipterous or Dipterous nature, has been found, 

the wings attached to it being such as, had they been found 

separate, would have been considered to be Xeuropterous, or at 

any rate allied thereto. About forty-two forms of Palaeodicty¬ 

optera are assigned by Scudder to a section called Xeuropteroidea, 

and may therefore be considered to have a special resemblance 

to our Neuroptera. These Xeuropteroidea comprise numerous 

genera and no less than six families. Scudder’s view is at 

the best tentative, and is not very favourably received by some 

entomologists. Brauer has, indeed, objected altogether to the 

formation of this Order Palaeodictyoptera, and Brongniart has 

published a list of the IDlaeozoic Insects in which a system 

of arrangement different to that of Scudder is adopted. In his 

most recent work ^ Brongniart assigns some of these Xeur¬ 

opteroidea to the families Ifiatypterides and Protodonates, which 

we have previously discussed. The whole subject of these 

Palaeozoic Insect remains is still in its infancy, and it would 

not be pro])er to accept any view as final that has yet been 

stated, nor would it l)e fair to dismiss the subject as unimportant 

because of the great divergence of opinion amongst the authorities 
who have investimited it. 

' Insectes foasiles des tem2)s primaires, 1893, ]i. 38. 



CHAPTER XXII 

HYMENOPTERA—HYMENOPTERA SESSILIYENTRES-CEPHIDAE- 

ORYSSIDAE-SIRICIDAE-TEXTHREDINIDAE OR SAWFLIES 

Order IV, Hymenoptera. 

Wings four, membranous, ivithout scales, usually transparent, never 

very large, the joosterior pair smaller than the anterior ; the 

cells formed by the nervures irregidar in size and form, never 

very numerous (less than twenty on the front, than fifteen on 

the hind, iving). Mandibles conspicuous even ivhen the other 

parts of the mouth form a proboscis. The side-pieces of the 

prothorax are disconnected from the pronotum and overlap 

the prosternum, usucdly entirely concealing it. The females 

are f urnished at the extremity of the body with either saiv, 

sting, or ovipositor; these parts may either he ivithdravm 

into the body or be permanently protruded. The metamor¬ 

phosis is great and abrupt, the chief chamges being revealed 

in the pupct disclosed at the last moult of the larva ; this moult 

is frequently delayed till long after growth has been com¬ 

pleted. In the pupa the quirts of the perfect Insect are seen 

nearly free, each covered in a very delicate skin. 

The term Hymenoptera includes ants^ bees, wasps, sawflies, and 

the tribes of innumerable Ichneumon-flies. The Order is of 

enormous extent, consisting even at present of tens of thousands 

of described and named species, and yet these are but few in 

comparison with those that remain unknown. It has good claims 

to be considered the “highest” Order of Insects. Sir John 

Lubbock says; “ If we judge animals by their intelligence as 

evinced in their actions, it is not the gorilla and the chimpanzee, 

but the bee, and above all the ant, which approach nearest to 
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man.” ^ The mechanical perfection of the structures of the 

individuals, and the rapid and efficient manner in which their 

functions are discharged, are very remarkable. In many species 

of Hymenoptera the individuals liave the habit of living together 
in great societies, in 

which the efforts of 

tlie members are com¬ 

bined for the support 

of the whole society 

and for the benefit 

of a younger genera¬ 

tion. To fit them 

for this social life 

the bodies of the 

larger number of the 

individuals are more 

or less changed in 

structure, so that 

they become workers. 

These workers are in 

all cases imperfect 

females; besides 

carrying on the 

ordinary wmrk of the 

society, they tend and feed the young. The duty of reproduc¬ 

tion is restricted to a single female, called a queen, or to a small 

number of such individuals in each society. The males occupy 

an unimportant position in the society, and are usually much 

shorter-lived than the workers and ipieens. The social Hynien- 

0Y)tera do not form a single zoological group, hut are of three 

different kinds—wasps, bees, and ants. There are numerous 

non-social, or solitary, wasps and bees. 

In the Order Hymenoptera—especially in the higher forms 

—the males and females are often diiferent in appearance and 

structure. In the ants, one of the social groups, the workers, or 

imperfect females, are (qiite wingless. There are numerous other 

grou})S in which species, not social, are found, having the females 

wingless while the males have wings. In a few species there is 

an apterous condition of the male, perhaps usually only as a 

PiQ. 331.—Bovibus lucorum. A, Adult larva ; B, pupa ; 
C, imago, female. Britain. 

^ P. cnt. Sue. London, 1866, ]i. Ixv. 
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dimorphic form. In the parasitic division there are species that 

are apterous in both sexes. The structure of the outer skeleton, 

or external part of the body, exhibits some peculiarities, the chief 

of which is the detachment of tlie side-pieces of the prothorax and 

their great development. Not less remarkable is the abstraction 

of a segment from the abdomen to become, as it were, part of 

the thorax; while between the first and second true segments of 

the abdomen there exists a joint, or articulation, of the utmost 

mechanical perfection, enabling the operations of stinging and 

piercing to he executed with an accuracy that cannot he surpassed. 

As a result of the detachment of the thoracic side-pieces, the 

front legs and the structures connected with them are disjoined 

from the uotuni, as shown in 

Fig. 332, and act in connex¬ 

ion with the head, while the 

dorsal portion of the segment 

remains attached to the great 

thoracic mas.s. The head is 

quite free from the thorax 

and very mobile; the upper 

organs of the mouth — the 

lahrum and the mandibles— 

are not subject to modifica¬ 

tions equal to tho.se exhibited 

l:)y the maxillae and 

lip, which parts in the bees 

are prolonged to form a suc¬ 

torial apparatus that may exceed in length the whole body of 

the Insect. The mandibles remain cutting or crushing imple¬ 

ments even when the maxillae and lower lip are modified to 

form a suctorial apparatus of the kind we have mentioned; so 

that in the higher forms—ants, bees, and wasps—the mouth¬ 

pieces are completely diiferentiated for two sets of functions, one 

industrial, the other nutritive. 
Behind the head there is a large consolidated mass represent- 

lower — Tenthredo, with head fully ex¬ 
tended : a, pleuron ; h, pronotuni ; c, 
membrane ; d, mesonotum. 

ing the thorax of other Insects, hut made up, as we have already 

indicated, in an unusual manner, and which therefore may he 

called by a special name, the alitrunk (Fig. 333). The pronotuni 

forms the anterior part of the alitrunk, with which it is usually 

very closelv connected, being indeed frequently immovably soldered 
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d- 

e - 

thereto. It exhibits, however, considerable variety, and is seen 

in its simplest and least soldered state in 

CepMis. In the higher bees the pro- 

notum takes on a form not seen in any 

other Insects, being one of the most 

beautiful sclerites to be found in the 

class (Fig. 334, pronotum of Xyloeopa). 

We have already remarked that in 

Hymenoptera the lower portions of the 

prothoracic segment are detached from 

the upper, so 

that the pro¬ 

notum is not 

supported be¬ 

neath l.iy a 

sternum as 

usual. In the pig, 3.34,—Pronotum of a car- 

bees in ones- Xyloco2,a sp. 
^ East India. 

tion the pro¬ 

notum makes up for the removal of the 

corresponding side-pieces and sternum. 

Fig. 333.—Alitrunk of Sphfx becoming itself a complete ring, 
chvysis. A, Dorsal aspect: gi^es being iirolonged and meeting 
a, pronotum ; 6,/, niesono- . • i ^ 
turn; c, tegula; d, base of ill the middle line ot the under sur- 
anterior,e,ofposterior, wing; f^ce of the body. At the Same time 

median (true first abdomi- a large lobe is developed laterally on 

.Se^TseSnVl^bdU^na^ overlyiiig and protecting the 
segment, usually called the first breathing orifice. The intermediate 

Ltmlint.°^ B^,''k?enoras- s^^ges of this remarkable modification 
pect of the median seg- may be observed by dissecting a small 

superior, c, inferior abdomi- S6litlS ol geiieia of beeS. 

nai foramen ; d, ventral Although the prostemum of a Hvmen- 
plate of median segment ^ 
e, oo.xa. opterous Insect is not usually visible 

owing to its being overwrapped by the 
side-pieces, it is really, as shown in Fig. 335, B, of complicated 

torm. In Civihex and some other sawfiies the side-pieces are not so 

large as usual, but the prosterniim is larger and is exposed. The 

prothoracic spiracle is rarely visible externally, but its position 

is remarkably constant, and is usually indicated by a peculiar 

lobe or angle of the pronotum projecting backwards just below 
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the insertion of the front wing. This stigniatic lobe is frequently 
fringed with short hairs. 

The niesothorax is the largest of the three divisions of the 

thorax proper; its notuni is large, and usually divided into two 
parts by a transverse suture. The side- 

pieces are so placed that the epimeron is 

rather behind than below the episternum. 

The mesosternuni forms the larger part of 

the under-surface of the alitrunk. A very 

large phragma projects from the meso- 

thorax into the interior of the body. The 

mesothoracic spiracle is usually not visible; 

its existence was unknown to the older 

entomotoniists, who were in consequence led 

to consider the spiracle of the median seg¬ 

ment as belonging to the thorax. The meso¬ 

thoracic spiracle is, however, easily seen in 

Cimbex, placed in the suture between the 

mesothoracic epimeron and the metathoracic 

episternum, a little below the insertion of 

the front wing; close to this spot the meso- 

phragma, just spoken of, comes, in Cimbex, 

to the surface. The mesothoracic spiracle 

is generally conspicuous in the worker ant. 

The parts of the metathorax are usually small, hut so much variety 

prevails in this respect that no general description can be given. 

The structure of the posterior part of the alitrunk has given 

rise to an anatomical discussion that has extended over three- 

quarters of a century,^ with the result that it is now clear that 

the posterior part of what appears to he thorax in Hymenoptera 

is composed of an abdominal segment. This part has been called 

“ Latreille’s segment,” the “ median segment,” and the “ pro- 

podeum.” The latter term was proposed by Newman, under the 

form of propodeon,^ and appears to be on the whole the most 

Fig. 335.—Articulation of 
front legs of the liornet 
( Vespa crahro, 9). A : 
a, side-piece of pro¬ 
thorax overlying the 
prosternum ; 6, coxa ; 
c, trochanter. B, pro¬ 
sternum proper, as seen 
from front when ex¬ 
tracted. 

^ For a history of this complex question, see Gosch, Xaturliist. Tidskr. (Rk. 3) 

vol. xiii. 1881 ; and also Brauer, Sitzb. Ak. IVicn, Ixxxv. 1882. 

^ Introd. hist. Insects, 1841, p. 143. The names projiosed hy Newman may lie 

adopted when it is specially requisite to use terms that are morphologically correct. 

According to his nomenclature the true whole ahdomen of petiolate Hymenoptera 

consists of three anatomical parts : 1, the petiole or podeon ; 2, the propodeon or 

part in front of the petiole ; 3, the metapodeon or part behind the petiole. 
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suitable term for this part, which is of great importance in 

systematic entomology, owing to the extreme variety of characters 

it affords. Although it is clear that the propodeum is, in large 

part, an abdominal segment, yet its morphology is still uncertain ; 

what }iarts are pleural, what tergal, and what may be chitinised 

spiracular area, or portions of the metathorax, being undetermined. 

The ventral portion of the propodeum affords a strong contrast 

to the dorsal part, being so small that it has frequently been 

described as absent; it is, however, not difficult to detect it in 

the position shown at cl, Fig. .333, lb 

Although the true first segment of the abdomen is detached from 

its normal position and added to the thorax, yet the term abdomen 

is conventionally restricted to the part 

that commences with the true second 

segment, which, in counting the number 

of alxlominal segments, is reckoned as 

being the first. There are two modes 

of articulation of the Hymenopterous 

abdomen with the alitrunk; in one 

(Fig. 336, A) the base of the abdomen 

remains of the calibre usual in Insects, 

while in the other (Fig. 336, B) it is 
Fig. 336.—Articulation of abdo- pi-eatly contracted, SO that the two 

men and alitrunk of, A, Cim- 
hex, B, Vespa, a, Propodeum parts are connected Only by a slender 

pkt^r*^or'tiret™*{seooiid '^triie) petiole. The petiole, besides 
abdominal segment or petiole; articuhitiiig ill a Very perfect manner 

aSffAVASSpuU Hopodemu l,j- means of eer- 
of first (second true) abdomi- tain prominences and notches, is also 
iial segment. connected therewith l iy means of a 

slender ligament placed on its dorsal aspect and called the 

funiculus, shown in Fig. 333, A, just at the extremity of the 

pointing line Z'. This mode of articulation gives great freedom 

of motion, so that in some Fetiolata (Aiiijuilcx) the abdomen can 

be doubled under the body and the sting brought to the head. 

It is wortliy of note that even in the Sessiliventres—as the sub- 

(Irder with broad-based alidomen is called—some amount of 

movement exists at the corres])unding spot; while, as shown in 

Fig. 336, A, between a and J>, there exists an exposed membrane, 
tlie honiologue of the funiculus. 

The number of aljdoniinal segments that can be seen in the 
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perfect Insect varies greatly. In Tenthredinidae nine can be 

distinguished, while in some of the Chrysididae it is difficult to 

detect more than three behind the petiole. These distinctions 

are, however, superficial or secondary, being due to changes in 

the later life in connexion with the stings or borers; in the 

larvae that have been examined thirteen segments behind the 

head have usually been detected. 

Nothing is more remarkable in the Hymenoptera than the 

great differences that exist in the form of the petiole. This may 

be very short, as in the bees, so that the abdomen when not 

deflexed does not appear to be separated from the thorax (Fig. 

331, C); in this condition it is said to be sessile, a term which 

it would be well to replace by that of pseudosessile. In many 

of the solitary wasps the petiole is very long. In ants it is re¬ 

placed by one or two curiously-shaped small segments called 

nodes (Fig. 60, B, 2, 3), and in many ants these are provided 

with structures for the production of sound. The abdomen is 

formed by a system of double imbrications; each dorsal plate 

overlaps each ventral plate, and the hind margin of each segment 

embraces the front part of the one following; thus this part of 

the body has not only great mobility, but is also capable of much 

distension and extension. The pleura are apparently absent, but 

each one has really become a part of the dorsal plate of the seg¬ 

ment to which it belongs. This is shown to be the case by 

Cimbex, where the division between pleuron and dorsal plate 

exists on each segment except the basal one. Owing to this 

arrangement, the abdominal stigmata in Hymenoptera appear 

to be placed on the dorsal plates. 

The organs for mechanical purposes existing at the extremity 

of the body in Hymenoptera exhibit a great diversity of form; 

they are saws, borers, piercers, or stings. Notwithstanding 

their great differences they are all, in their origin, essentially 

similar, and consist of six parts developed from limb-like pro¬ 

longations on the penultimate and antepenultimate segments of 

the larva, as described by Packard and Dewitz.^ These processes 

have by some been thought to be not essentially different from 

abdominal legs, and Cholodkovsky has recently advocated this 

opinion.^ 

^ Zeitschr. iviss. Zool. xxv. 1874, p. 184. 

^ Ann. Mag. Nat. Hist. (6) x. 1892, p. 442. 
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The legs of bees exhibit modifications for industrial piu’poses. 

In the stinging Hyinenoptera the trochanters are usually of a 

single piece, and these Insects are called inonotrochous ; but in most 

of the other forms the trochanters are more or less distinctly 

divided into two parts (Fig. 345, b). The usual number of joints 

in the tarsus is five, but is subject to diminution in many cases. 

In the bees and ants the first joint is altered in form; in the 

bees to act as an instrument for gathering or carrying pollen; in 

the ants to act, as it were, as a second tibia. Between the 

claws there is a very perfect pad, already described and figured 

on p. 106. 

The wings are remarkable for the beautiful manner in which 

Fig. 337.—Wings of a carpenter bee. A, 
The pair of wings separated ; a, posi¬ 
tion of the hooks ; B, the same wings 
when united by the hooks. C, Portions 
of the two wings: a, the series of 
hooks ; b, marginal hairs'; c, portion of 
edge of front wing, of which the other 
jiart has been broken away in order to 
sliow the liooks. 

the hinder one is united to the 

anterior, so that the two act in 

flight as a single organ. The 

hind wing is furnished with a 

series of hooks, and the hind 

margin of the front wing is 

curled over so that the hooks 

catch on to it. In some of the 

parasitic forms the wings are 

almost destitute of nervures, 

and have no hooks. The powers 

of flight in these cases are prob¬ 

ably but small, the Avings merely 

serving to float the Insect in 

the air. In some Hyinenoptera, 

especially in Pompilides and 

Xylocopa, the Avings may be 

deeply pigmented or eA'en me¬ 

tallic ; and in some forms of 

Tenthredinidae, Ichneumonidae, 

and Braconidae the pigmenta¬ 

tion assumes the form of definite 
patterns. 

The studies of the internal anatomy of Hymenoptera are at 

present by no means numerous or extensiA’e. The alimentary canal 

(lig. 69) possesses a crop, gizzard, and chylific stomach in addition 

to the oesophagus and intestine. The social Hymenoptera ha\^e 

tlie power of disgorging matter from the alimentary canal for the 
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purpose of supplying food for their young. The crop—which 

is situated in the anterior part of the abdomen—is the reser¬ 

voir that contains this matter. The mode of disgorgement is 

believed to he pressure exerted on the crop by contraction of the 

abdomen. Salivary glands are present in remarkable variety. 

The tracheal system possesses, in the higher winged forms, large 

saccular dilatations situated at the side of the abdomen. The 

nervous system is of peculiar interest on account of the high 

intelligence of many of the members of this Order; and on this 

point of the anatomy, Brandt ^ has made rather extensive inves- 

Fig. 338. — Central nervous system 
(supra-oesophageal ganglion and ven¬ 
tral chain) of a worker ant, Cam- 
potiotus ligniperdus. (After Forel.) 
a, Cerebral hemisphere ; 6, primor¬ 
dial cerebral lobe or pedunculate 
body (depressed so as to show other 
parts) ; c, olfactory lobe (raised 
from natural position) ; c^, nerve 
to labrum ; e, autennary nerve ; /, 
scape of antenna ; g, eye ; h, optic 
nerve ; i, longitudinal commissures 
connecting the hidden sub-oesopha- 
geal ganglion with k, the prothoracic 
ganglion ; I, mesothoracic, m, meta- 
thoracic ganglion ; s, ganglion of the 
jietiole ; n, nerve from petiole to 
other part of abdomen ; r, q, o, 2nd, 
3rd, 4th abdominal ganglia ; p, ter¬ 
minal nerve to cloaca; t bases of 
legs. 

tigations, having examined it in the adult of seventy-eight 

species, and in the larva of twenty-two. In the adult there are 

two cephalic—the supra- and the sub-oesophageal—two or three 

thoracic, and from three to seven abdominal ganglia. The bees, 

wasps, and some other of the Aculeata have only two thoracic 

ganglia, while some ants have three. The supra-oesophageal 

ganglion is very large. The most remarkable fact revealed by 

Brandt’s investigations is the great difference that exists between 

the sexes and the worker caste in the same species. The pedun- 

1 CE. Ac. Paris, Ixxxiii. 1876, p. 613, and Ann. 3Iag. Nat. Hist. (4) xviii. 1876, 

p. 504 ; also Horae Hoc. Eoss. xv. 1880, pp. 20 and 31. 
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dilate bodies of the snpra-oesopliageal ganglion are considered to 

be in their development correlative with that of the intelligence 

or instinct. In the workers of the social Hymeiioptera these 

bodies are very large, while in the males and females they are 

small. Tlie workers and females of Boinhus have six abdominal 

ganglia, while the males have only five; and the worker of the 

honey-bee has five alidominal ganglia, while the male and the 

queen-bee have but four. lu the leaf-cutting bee {Megaxhile) the 

male has four abdominal ganglia and the female five, and in the 

wasps the workers have five, the males and females six. The 

nervous system in the larvae shows but little difference between 

the ganglia, which are thirteen in number, eight being abdominal. 

In the embryo of the bee Kowalewsky has observed seventeen 

ganglia. The changes that take place from the embryonic 

to the imago condition are therefore directed to the reduction 

in number of the ganglia, which is accomplished by the 

fusion of some of them. In the adult Hymenopterous Insect it 

would appear that the first abdominal ganglion is always joined 

with the last thoracic. 

Sub-Orders.—^The distinction in the form of the abdominal 

articulation, previously alluded to (p. 492, Tig. 336, A, B), 

divides the Hymenoptera into two great sub-Orders, the members 

of which are very different in their habits and life-histories. 

The Sessiliventres are plant-eaters; their larvae (Tig. 343, A) are 

provided with legs, and are able to procure their vegetable food 

for themselves. The larvae of the Petiolata are maggot-like 

and helpless, and are dependent for food on supplies afforded 

them by their parents or companions. It is said by Dewitz that 

although the larvae of the Petiolata appear to be legless, there are 

thoracic legs within the body. The metamorphosis, so far as it 

is known, and the early life-history of the Sessiliventres are very 

similar to those of butterflies and moths, except that the pupa is 

soft and has no hard external skin. A few of these plant-eating 

Sessiliventres become carnivorous in the perfect state—a change 

of halut that is most unusual in Insects, though the reverse 

occurrence is common. The larvae of the Petiolata exhibit, in 

the cases that have been examined, the peculiarity that the 

alimentary canal has not any outlet posteriorly until the ter¬ 

mination of the larval stage of existence is approaching. In 

some cases there is no anal orifice; in others this orifice exists. 
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l)ut there is no coiumuiiicatioii between the stomach and the 

posterior intestine. 

I’ackard informs ns ^ that in Bomhus the larva, after it is 

full fed, passes into the pupa state (Fig. 331, A, B) by a 

series of transformations accompanied by moultings of the skin. 

Packard’s statements have been confirmed liy others, hut details 

have not been fully given, so that the number of the moults, 

their intervals and other particulars, are still unknown. AA 

have remarked that the pupal instar is very like the perfect instar, 

except that it is colourless and soft, and that each of the members 

is wrapped in a very delicate skin; the colour appears gradually. 

This metamorphosis exhilhts important differences from that of 

the Lepidoptera. I’ackard calls the Insect, during the stages of 

transformation from the full-fed larva to the pupa, the semi-pupa ; 

the later stages of the pupa, when the colouring has appeared, he 

terms the subimao-o. Altogether he considers there is a series of 

at least ten moultings of the skin. His ideas were apparently 

derived from examination of a series of specimens after death 

rather than from observation of the development in living indi- 

■\-iduals. The parasitic forms of Flymenoptera have apparently 

extraordinary metamorphoses of very varied kinds. 

Parthenogenesis.—One of the most remarkable facts con¬ 

nected with this Order is the prevalence of parthenogenesis in a 

considerable number of widely separated species. In many of 

these Hymenojitera it is not a mere occasional occurrence, but 

plays an important part in the continuity of the species; in¬ 

deed, it is believed that in some members of the Order the 

reproduction is entirely parthenogenetic, We shall give par¬ 

ticulars as to some of these cases in subsecpient chapters, and 

will here make some remarks on the different forms of i)artheno- 

genesis existing in the Order. The three lorms of parthenogenesis 

mentioned on p. 141 all occur in Hymenoptera. In the gall¬ 

making Cynipidae parthenogenesis is frequently acconqianied with 

alternation of generations, a generation consisting of the two sexes 

being followed by another consisting entirely of females, which 

in its turn gives origin to a bisexual generation. In this case 

deuterotokous parthenogenesis is established as a part of the normal 

economy of the species. Tliis same lorni ot parthenogenesis also 

occurs in other species of Cynipidae unaccompanied by alternation 

^ F. Boston Soc. x. 1866, p. 279. 
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of generations. Tims in lUwdites rusnc the generations resemble 

one another, and tlie male is very rare, but is still occasionally 

prnduced,^ and the same condition exists in other Cynipidae. 

According to the ol)Servations of j\.dler, we may assume that the 

male, in the latter cases, is useless, the continuation of the species 

l)eing effected l>y \irgin females although males exist. Deutero- 

kous parthenogenesis also occurs in the sawfiies, but as a com¬ 

paratively rare })henomenon.^ 

Tlielyotokous parthenogenesis is common in sawllies, and it 

also occurs in some Cynipidae. Tliere are several species of this 

latter family in which no males have ever been found.® The 

phenomena in llhodites rosae we have mentioned, give rise to 

the idea that in that species deuterotokous parthenogenesis occurs 

as an exception, the species being usually tlielyotokous. A 

most remarkable case of tlielyotokous parthenogenesis is said to 

exist in the case of the parasitic ant Tomognatlms. This species 

is said to be mononiorphic, only the female existing, and repro¬ 

ducing by uninterrupted parthenogenesis. 

Arrhenotokous parthenogenesis—i.e. parthenogenesis in which 

the progeny is entirely of the male sex—occurs in several species 

of sawfiies. We find it also occurring in the case of the social 

Hynienoptera; the workers of ants, bees, and wasps occasionally 

produce eggs parthenogenetically, and the progeny in these 

cases is always of the male sex. In the honey-bee the queen 

sometimes produces eggs before she has been fertilised, and 

the parthenogenetic young are then always of the male sex. 

Some species of Hymenoptera exhibit two forms of partheno¬ 

genesis. In JVematus curtisinna the parthenogenetic generation is 

generally of the male sex, but a female is occasionally produced ; ^ 

while in Jlemichroa rufa parthenogenesis may result in either 

deuterotokous or tlielyotokous progeny. Xo case is yet known 

of a species exhibiting the three forms of parthenogenesis. From 

this review we may conclude that parthenogenesis does not 

favour the formation of one sex more than another; but it is 

clear that it decidedly favours the production of a brood that is 

‘ Adler, Deutsche cnt. ZcUschr. xxi. 1877, p. 209. 

- Caineroii, Brit. Bhyt. Jli/iii. Kay Society, i. 1882, p. 29, and ii. 1885, p. 218. 

•* Cameron, oji. cil. iv. 1893, p. 9. 

Bnl. I'tiyt. i. ji. 27. Fletclicr’s record, referred to by Cameron, men¬ 

tions X. tidliaris, but this name was probably erroneous. 
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entirely of one sex, but which sex that is differs according to 

other circumstances. 

Production of Sex.—It is believed that a very peculiar form 

of parthenogenesis exists in the honey-bee, and it is confidently 

stated that the drones, or males, of that species are always pro¬ 

duced from unfertilised eggs. These views are commonly called 

the Dzierzon theory, and are widely accepted. They assume 

that the eggs are male till fertilised, and then become female. 

After the queen-bee is fertilised most of the spermatozoa soon 

find their way into a small chamber, the spermatheca, near the 

posterior orifice of the body; it is believed that each egg may 

be fertilised as it passes the door of this chamber, and that the 

eggs that produce females (i.e. workers or queens) are so ferti¬ 

lised, but that the eggs that produce drones are not fertilised. 

Hence it is supposed that the sex is determined by this act of 

fertilisation, and Cheshire has described what he calls an appa¬ 

ratus for differentiating the sexes. It is also confidently stated 

that no male honey-bee ever has a father. 

The facts we have stated as to the sexes resulting from 

parthenogenetic reproduction in Hymenoptera generally, are 

extremely opposed to the Dzierzon theory, in so far as this 

relates to the production of .sex. There have always been 

entomologists ^ who have considered this view unsatisfactory, 

and the observations of several recent French naturalists" are 

unfavourable to the idea that the sex of an egg is determined by 

its fertilisation. ‘ ' 

There can be no doubt that the queen honey-bee frequently 

produces males parthenogenetically, and the error of the views 

we are alluding to consists in taking the parthenogenesis to be 

the cause of the sex of the individual. It must be recollected 

that the laying of an unfertilised egg by a fertilised female may 

be different physiologically from the laying of an egg by an 

unfertilised female; for, though lioth have as result an un¬ 

fertilised egg, it is possible that the fertilisation of the female 

may initiate processes that modify the sex of the eggs produced 

by the ovaries, so that though these may produce previous to 

fertilisation only male eggs, yet after fertilisation they may 

produce eggs of the opposite sex or of both sexes. In other 

^ See Perez and Cameron, Tr. Kat. Hist. Soc. Glasgow, n.s. ii.l8S9, p. 194. 

- Fabre, !Marclial, Nicolas. 
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j words, the act of fertilisation may initiate a different condition 

! of nutrition of the ovaries, and this may determine the sex of 

_the eggs produced. 

Polymorphism, or Castes.—The question of tlie causes of 

the modified individuals forming the various castes of the social 

Tlymenoptera has Ijeen much discus.sed. These individuals are 

many of them very different in size and structure from either of 

their parents, and are also different in their hahits and instincts. 

This difficult suliject is far from lieing completely elucidated. 

In the case of the honey-bee it is well established that an egg of 

the female sex can, after deposition, Ije made either into a queen 

or a worker-bee by the mode of nutrition—using that word in 

the largest sense. (3n the other hand, iJewitz thought that in 

the case of the ant Formica rufa, the caste—whether worker or 

winged female—is already determined in the Insect before leav¬ 

ing the egg.^ Weisinann and others associate the caste with 

some hypothetic rudiments they consider to exist at the very 

earliest stage of the embryonic, or oogenetic process. 

Ilerliert Spencer says: • “ Among these social Insects the sex 

is determined by degree of nutrition while the egg is being 

formed,” and “ after an egg, predetermined as a female, has been 

laid, the character of the produced Insect as a perfect female or 

imperfect female is determined liy the nutrition of the larva. 

That is, one set of differences in structure and instincts is deter¬ 

mined Ijij nutrition hefore the egej is laid, and a farther set of 

differences in structures and instincts is determined hy nutrition 

after hhe egg is laid.” 

Spencer’s generalisation is not inconsistent with the facts 

hitherto brought to light, though it is possilile that the progress 

of knowledge may show some variety as to the periods of the 

development at which the commencements of the modifications 
occur. 

Fig. 3:19 represents the chief castes, or adult forms, existing 

in a community of one of the most highly developed of the 

species of social 1 lymeiioptera, the leaf-cutting ant, Atta cepha- 

lotes.- We shall, wlien dealing with Formicidae, enter into some 

details as to these and other cases of polymorphism. Our object 

' ZeUschr. iri'.w. Zool. xxx. Supp. 1S78, p. 103. 

Rejoiiider to I’l'ofessor Weisuuimi, p. 11. Reprint from Contemporaru lleview, 

December 1893. 
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Flu. 339.—Aihilt form.s of Attci (Oecodonm) cepludotes, taken from a nest in Trinidad 
Ly Mr. J. H. Hart, 25th .Tune 1895. A, wale ; B, winged female : C-F, various 
form.s unwiuged ; C, so-called .soldier ; D, large worker ; E, smaller worker ; F, 
smallest worker or nurse. All equally maguitied (one and half time.s). 
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at ])resent is to bring to the eye of tlie reader tlie great diversity 

of outer foi-in that is believed, rightly or wrongly, to result from 

tlie mode of treatment of the young. And we will also take this 

opportunity of more fully illustrating the remark we made on 

p. 85 as to the profound distinctions that exist between ants 

and white ants, or Termites, notwithstanding the remarkable 

analogies that wc shall find to exist in many of their social 

arrangements. 
The analogies we allude to, coupled with the fact that there 

is a certain general re.semblance in outer form between the 

workers of Termites and ants, and even between the extra¬ 

ordinary castes called soldiers in the two groups, have given rise 

to the idea that there is a zoological relationship between the 

social forms of Neuroptera and Hymenoptera. The two are, 

however, zoologically amongst the most different of In.sects. 

The external skeleton in Termites is remarkable for its im¬ 

perfect development, the sclerites being small and isolated, while 

the segmental differentiation of the body is low (Fig. 225, etc.), 

so that there is no difficulty in counting the segments. In ants 

the reverse is the case as regards both these facts, the various 

segments being most unequal, so that their homologies have only 

been detected after prolonged studies, while the chitinisation and 

articulation of the various parts is so complete that the ant may 

be described as cased in armour, fitting together so exactly that 

it is difficult anywhere to introduce the point of a needle into 

its chinks. The wings of the two kinds of Insects are also 

extremely different. The differences between the modes of 

growth and development of the two sets of In.sects are as pro¬ 

found as the distinctions in their anatomv. Termitidae belons; 
c o 

to the division of Insects in which the wings are developed 

outside, the body; Hymenoptera to the division in which they 

are develo])ed inside the body. In Termites the growth of 

the indivitlual is slow, and the final form is reached gradually. 

In the ants the growtli is carried on with great rapidity, and 

during it tlie Insect is a helpless maggot absolutely dependent 

on tbe attentions of its seniors, while the difference in form and 

structure between the aiit-larva and the ant are enormous. 

Toth anatomy and ontogeny are ]irofoundly different in ants 

and Termites. To these distinctions must be added, as of much 

importance, the fact that in Hymenoptera only the female, sex 
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is modified for the division of labour, while in Termites both 

sexes undergo this change. Hence it is impossible to suppose 

that the remarkable analogies that exist between the societies of 

ants and those of Termites are due to any common origin. It 

is probably to some similar physiological susceptibilities in the 

ancestors, at an extremely remote epoch, of both groups that we 

must look for an explanation of the interesting resemblances in 

the social lives of ants and Termites. 

The Hymenoptera are no doubt one of the largest Orders of 

Insects, the species of the parasitic tribes being apparently 

innumerable. Ho doubt 250,000 species of the Order exist, and 

possibly the iruirrher may prove to be very much larger. Up to 

the present time 25,000 or 30,000 have been discovered. Ho 

remains of Insects of this Order, of older age than the Lias, 

have been brought to light; it is irrdeed doubtful whether the 

fossils considered to be Hynreiropterous of the period referred 

to are really such. 
The Order, as already mentioned, consists of two very distinct 

sub-Orders, viz. :— 

1. Hymenoptera Sessiliventres.—Insects with the abdomen broad at the base, 

its first segment not completely amalgamated with the thorax. 

2. Hymenoptera Petioliventres or Petiolata.—The abdomen connected with 

what appears to be the thorax by a slender joint, the posterior 

part of the apparent thorax consisting of an abdominal segment. 

Hymenoptera Sessiliventres.—This group has been variously 

called Hymenoptera pliytopliaga, H. securiferci, H. sessiliventres, 

H serrifera, H. symplnyta. AVe prefer an old term, taken from 

a character that enables us to recognise at a glance which group 

a species belongs to. The division or suh-Order may he formally 

defined as follows :— 

Abdomen nearly continuous in outline loith the thorax, the tioo 

■parts havincj a IrocLcl connexion instead of a small highly 

mobile articulation. Aiud lobe of hind vnncgs usucdly of 

considercdAe S'ize. Trochanters ditrochous {transversely 

divided into two, Fig. 345). Extremity of body of female 

f urnished with sau's or boring instruments, usually concecded, 

in some cases visible in part. Larvae %uith complex mouth- 

parts] three pairs of thoracic legs {imperfect in Cephidae and 
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Siricidae), and frcquenthj with ‘tiuinerous abdominal legs, 

'loliich are destitute of Ibooks. Food vegetahle. 

The Insects of this sub-Order never exhibit the highly 

specialised habits and activity of the better known petiolate 

Hyinenoptera,. Tliough the food in the larval stages is always 

vegetable, there is considerable variety in the larvae and their 

habits; some feed in galls, some in the twigs of plants, some in 

the hard wood of trees and shrubs. The majority, however, live 

on the leaves of plants. Those that live in wood (Tig. .342, C) 

resemble in appearance Coleopterous larvae that have similar 

habits, and those that live on leaves (Tig. 343, A) resendjle 

Lepidopterous larvae that do likewise. There are four families 

included in the sub-Order, viz. Cephidae, Oryssidae, Siricidae, 

Tenthredinidae. 

The British Sessiliventres—under the name Phytophagous 

Hyineuoptera—have recently been monographed by Mr. I’eter 

Cameron -in a series of vols. published by the Pay Society.^ 

These contain many figures and many details relating to natural 

history, in addition to the descriptions of genera and species. 

Fam. I. Cephidae—Stem Sawflies. 

Slender Insects, loith lueaJc, integument; f ree, more or less elongate 

'pronotum ; one spine on the front tihia. Larvae living in the 

sterns of golants or in tJbe tender shoots of trees and shrubs. 

The obscure little Insects composing this family have slender 

antennae of peculiar form, composed of eighteen to thirty joints, 

two of which are short and stout; then come several long joints, 

with more or less power of movement, the terminal portion 

consisting of an elongate club of many joints with little power 

of movement. The pronotum is longer than is nsiud in the 

Hyineuoptera, and instead of being very closely connected with 

the me.sonotuin, it is free and mobile, although its base over- 

wraps the front of the inesonotum. The median plate (i.e. the 

dorsal })late connecting the thorax and abdomen) is divided to 

the base along the middle, the divisions being separated by a 

membranous piece broader liehind ; the anal lobe of the posterior 

^ Mon. Bril. Bhyt. Hijm. 4 vols. 1882 to 1893. 
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wings is small but distinct. The female bears a saw at the 

extremity of the body, but it is coA’ered by two Haps; these 

form a short, terminal projection. Although too much neglected, 
the Cephidae are really of great interest 

as being, of more imperfect or primi¬ 

tive structure than any of the other 

families of Hymenoptera. The larval 

history has been traced in several 

species. C. pygmaeus is sometimes very 

injurious to corn crops on the con¬ 

tinent of Europe, and even in our own 

country its effects in this respect are 

considered to be occasionally serious. 

The egg is laid in the stem of the corn 

plant; the larva soon hatches and eats 
its way upwards in the stem. It is a soft Fig. 340. —pygmaeus. 

grub, apparently footless, but really pos- female imago. Britain, 

sessing six small projections in place of 

thoracic legs. It occupies all the summer in feeding, and when 

full fed and about to prepare for its metamorphosis, it weakens 

the stem by a sort of girdling process below the ear; it then 

descends in the stem to near the root, Avhere it constructs a 

transparent cocoon, in which it passes the winter as a larva, 

changing to a chrysalis in the month of IMay, and completing 

its development by appearing as a perfect Insect shortly there¬ 

after. The girdling operation is very injurious, and causes the 

corn stem, when ripe or nearly so, to break in two under the 

influence of a strong wind, so that the ears fall to the ground. 

The history of C. integer has been given by Eiley. This 

Insect attacks the young shoots of willows in North America. 

Ililey states ^ that by a wonderful instinct the female, after she 

has consigned her egg to the twig, girdles the latter, preventing 

it from growing any further, and from crushing the egg by so 

doing. The larva after hatching eats downwards, sometimes 

destroying a length of two feet of the twig; when full grown it 

fills the bottom of the burrow with frass, and then previous to 

making its cocoon eats a passage through the side of the shoot 

about a quarter of an inch above the spot where the cocoon will 

be placed, thus making it easy for the perfect Insect to effect its 

1 Insect Life, i. 1888, p. 8. 
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escape ; it leaves the hark, liowever, iintouched, and is thus pia.)- 

tected ill its retreat. A dtdicate transparent cocoon is then spun 

ill which the larva passes the winter, changing to a pupa in the 

following March, and emerging as a perfect Insect about six 

weeks thereafter. 

Somewhat le.ss than 100 species of this family are at present 

known; the great majority are found in the Mediterranean 

region, lint there are several in Xorth America. As a single species 

is known from Mexico and another from Japan, it is probable 

that the family may prove to have a wider geographical exten¬ 

sion than at present appears to he the case. 

Fam. II. Oryssidae. 

T/ie median plate behind the metanotum entire, not divided in the 

middle; antennae inserted, below the eyes immediately above 

the mandibles, 'under a sharp edge. 

This family consists of the genus Oryssiis,\\a{ inclnde.s only 

about twenty species, hut is nevertheless very widely distrilmted 

over the world. They are very 

rare Insects, and little is known 

as to their habits; one species, 

0. abietinus, was formerly found 

in England. Should any one 

be so fortunate as to meet with 

it, he can scarcely fail to re¬ 

cognise it on noticing the 

peculiar situation of the base 

of the antennae. In this re¬ 

spect the Chrysididae somewhat 

resemble Oryssus, lint in that 

group of Ilymenoptera the hind 

l)Otly or abdomen is remarkalily 

mobile, so that the Insects can 

coil themselves up liy bending 

at this joint; whereas in Oryssus 

A, 'J'he leiiKile lusuct; B, he;ul sot-ii the hind body is Very closelv 
I'rom the front. i i 

' amalgamated with the thorax— 

more so, in ftict, than in any other Hymenopterous Insect—ami 

has no power of independent movement. 
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Oryssus ahietinm very closely resembles C. srtyi (Fig. 341); 

it has indeed been recently suggested by ]\Ir. Harrington that 

the two supposed species may really be identical. 

Fam. III. Siricidae or Uroceridae. 

Pronotum closely connected vnth the mesonotum, iierpendicidar in 

front; the anterior lole of the latter not sej^arated hy the 

lateral lohes from the posterior lohe : t.lic onedian plate {behind 

the metathorax) is divided longitudinally cdong the middle. 

The female is provided at the extremity of the body with an 

elongate, cylindrical boring instrument. The larvae live in 

the wood of trees. 

Fig. 342. — Tremex 
col umbo.. Nortli 
America. A, 
Imago, female : 
B, pupa, female, 
ventral aspect : 
C, larva ; o, im- 
lierfect leg.s : D, 
parasitic larva of 
Thalessa. (B 
and D after 
Riley.) 

The Insects of this family are usually of large size and of 

bright conspicuous colours; these, however, irecpiently differ 

greatly in the sexes of tlie same species, and may be very vari¬ 

able even in one sex. The antennae are filiform and usually 

elongate ; the head is usually contiguous with tlie thorax, but in 

one division, Xyphidriides, it is exserted and separated from the 

thorax by a well-marked neck. The pronotum is attached to 

the mesonotum, and possesses very little, if any, freedom of 

movement; it varies in its size, being sometimes conspicuous 
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from above; in the Xyphidriides it is smaller, and in the middle 

is entirely vertical in its direction. The mesonotum is moderate 

in size, and its divisions are delimited by broad vague depressions. 

The prosternnm appears to be entirely membranous, but the 

prosternal plates (pleura) are large, and meet together accurately 

in the middle, so as to protect the greater part of the under¬ 

surface of the neck. The alxlomen is cylindrical or somewhat 

flattened above; it has seven dor.sal yilates in addition to the 

sy)ine-bearing terminal segment. The trochanters are double, 

the outer division being, however, short; the anterior tibia has 

only one spur; the anal lobe of the posterior wings is large. 

The “ borer ” or ovipositor of the female is a remarkable organ ; 

it is held projecting directly backwards from the extremity of 

the body, and has the appearance of being a powerful sting. The 

apparatus is much longer than it appears, for it proceeds not 

from the apex of the body, but from the under-surface far for¬ 

wards, so that the part exposed is only about one-half of the total 

length; it consists of a pair of elongate sheaths, which are easily 

separable though they wrap together, and enclose a slender tube. 

This tube is rigid and cyuite straight; though appearing solid, it 

is really composed of two very perfectly adjusted laminae and a 

third arched piece or roof. The two lower laminae are called 

the spiculae; they are serrated or grooved in a peculiar manner 

near the tiy), and although so closely adjusted to the borer or 

upper piece of the tube as to appear to form one solid whole 

with it, they are said to be capable of separate motion. In 

addition to these parts, the termination of the abdomen bears 

above a shorter piece that projects in a parallel plane, and forms 

a sort of thick sy)ine above the ventral pieces we have described; 

this process is very strong, and has in the middle of its under- 

face in Sirex gigas a membranous cavity, replaced in S. jvvcncus, 

according to Westwood, by a y)air of minute pilose styles. The 

Insect, by means of this y)owerful ayrparatus, is enabled to deposit 

lier eggs in the solid wood of trees, in wliich the larva sometimes 

yjcnetrates to the de].)th of eight inches. 

Sirex gigas is one of the most remarkable of our British 

In.sects, but is little known except to entomologists, being usually 

rare. On tlie continent of Europe it is, however, an abundant 

Insect, esy)ecially in the neighbourhood of forests of fir-tree.s, 

and is a cause of consideralde terror. As the Insect is not 
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capable of inflicting much injury to the person, it is probable that 
the peculiar ovipositor is believed to be a sting. The eggs are 
laid—it is said to the number of 100—in the solid wood of fir- 
trees, but not in perfectly healthy wood; the reason for this, it 
is thought, being that in a healthy tree the great affluence of sap 
caused by the burrows and presence of the Insect would be in¬ 
jurious to the latter. The Sirex will, however, atta.ck a perfectly 
healthy tree immediately after it has been felled. The larva, small 
at first, enlarges its burrows as itself grows larger, and thus the 
wood of a tree may be rendered completely useless for trade pur¬ 
poses, although there may be very little outward’ indication of 
unsoundness. The larva (Fig. 342, C, larva of Treynex) is a pallid, 
maggot-like creature, with six projections representing thoracic 
legs; there are no other legs behind these, bu.t some slight pro¬ 
tuberances take their place; the terminal segment is enlarged, and 
bears a hard spine. There is a difference of opinion as to the 
duration of the life of the larva, Kollar saying that in seven 
weeks after the deposition of the egg‘the maggot is full fed, 
while others consider that it takes two years to attain this con¬ 
dition ; the latter statement is more probably correct, it being 
the rule that the life of wood-feeding larvae is more than usually 
prolonged. After becoming full fed, the Insect may still pass a 
prolonged period in the wood before emerging as a perfect Insect. 
As a result of this it not infrecpiently happens that the Insect 
emera:es from wood that has been carried to a distance, and used 
for buildings or for furniture. A case is recorded in which large 
numbers of a species of &irex emerged in a house in this country 
some years after it was built, to the great terror of the inhabi¬ 
tants. The wood in this case was supposed to have been brought 
from Canada. 

Fabre has studied ^ the habits of the larva of Birex augur, 
and finds that it forms tortuous galleries in the direction of the 
longitudinal axis of the tree or liml), and undergoes its meta¬ 
morphosis in the interior, leaving to the perfect Insect the task 
of finding its way out; this tlie creature does, not by retracing 
its path along the gallery formed by the larva, lint by driving a 
fresh one at right angles to the previous course, thus selecting 
the shortest way to freedom. By what perception or sense it 
selects the road to the exterior is quite unknown. Fabre is not 

1 Souvenirs entomoIogiqufK: quatrieme serie, 1891, ji. 308. 
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aljle to suggest any sort of pei’ception that might enable the larva 

to pursue the riglit course, and considers it must he accomplished 

by means of some sensilulity we do not possess. Fabre’s oljserva- 

tion is the opposite of what has been recorded in the case of S. 

f/igas, where tlie larva is said to prepare the way for the exit of 

the perfect Insect. 

Individuals of Sirex are often found in dried and solid wood, 

encased by metal. When the Insect finds itself so confined, it 

gnaws its way through the metal, if this be lead, and escapes. 

The perseverance displayed by the Insect in these circumstances 

seems to indicate a knowledge of the direction in which liberty 

is to be found. 

About 100 species of Siricidae are known. They form two 

sub-families:— 

E Siricides : back of head nearly or quite contiguous with the jironotuni. 
2. Xypliidriides: hack of head separated from the pironotum by an elongate 

neck. 

We are reputed to possess in Britain two species of each of 

these sub-families, but it is doubtful whether more than one 

Siricid is truly native. Sirex gigas is frecjuently brought over 

in timber, and certainly breeds at times freely in Britain. Mr. 

Leech has recorded the occurrence of the larvae in abundance 

in fir-trees in the neighbourhood of Dublin. Sirex juvencus 

is more rarely met with. Xypliidria camel us is doubtless a 

native, though now apparently rare. It used to occur about old 

willows, near London, in the F'ew Forest, and, I believe, also 

in the neighbourhood of Cambridge. 

Fam. IV. Tenthredinidae—Sawflies. 

Hynicmptera. Sessiliveiitres, having the 2'>'^'onotuiii small, accurately 

adapted to the mesonotum ; the anterior lohe of the latter is 

widely separated from the posterior; there are two spurs on 

the anterior tibiae. 21be larvae usually live on leaves after 

the manuxr of caterpillars, hid a few inhabit gcdls. 

The sawtlies are an important family of Insects, their species 

being numerous, while some of them are, in the larval state, very 

destructive to vegetables and fruit. Being (piiet creaWres, rarely 

.seen on the wing, they are, though common Insects in this 
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country, but little known, and few persons recognise a sawtly as 

such. They are usually of small or moderate size, and the 

numerous species have a great family resemblance. This remark 

reij^uires some Cjualification in the case of the Cimbicides, they 

being Insects of larger size—usually surpassing the honey-bee— 

of more robust structure, 

and with greater powers of 

flight. 
O 

The antennae are re- 

markal)ly varialfle in form 

and structure. Cameron 

considers that nine should 

be talcen as the normal 

number of their joints; 

but there are only three 

in Hylotovia, while in Lycla 

there may be forty or more. 

The head is usually held 

closely applied to the 

thorax, but is really borne 

on a neck capable of much 

elongation (Fig- 332). 

The pronotum forms a 

Fig. 34.3.—Lophyrus pini. Britain. A, Larva ; 
B, ventral aspect of pupa; C, imago, male- 
(After Yolleulioveu.) 

part of the alitrunk, but is not soldered thereto. Usually the 

prosternuni is more or less completely concealed by the side- 

pieces, but in Cimbicides it is larger and conspicuous, the side- 

pieces being in this group smaller than usual. The dorsal 

pieces of the niesothorax have their relative proportions different 

to wdiat we find them in the other families of Sessiliventres, and 

even in most of the other Hymenoptera. There is flist an 

antero-niedian lobe of triangular shape projecting, like a wedge, 

far backwards, into the great lateral lobes. These latter form 

the larger part of the area of the mesonotum ; they meet together 

in tlie middle line, and beliind are separated by a deep depression 

from the posterior lobe, or scutellum of the niesothorax, which 

is frequentlv divided into two parts, the anterior being the so- 

called scutum. The pieces of the metanotum are short and 

obscure, owing to the great unevenness of their parts , on each 

side of the miildle there is a small membranous space of pallid 

colour. The cenchri, as these spaces are called, are, in Lyda, 
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delicate, meniltraiious, depre.s.sed spaces, in front of each of which 

there stands np a Hap of nienil)rane. Tlie function of the cenchri 

is qnite unknown. The median plate is fastened to the hind 

margin of the metanotnm, and looks (pute like one of the dorsal 

plates of the following alidominal segments, from which, however, 

it is separated hy a more or less con.s})icnous memljrane. In 

the majority of the Tenthredinidae tlie median plate is divided 

along the middle, hut in the Cimljicides this is not the ca.se. 

The mesosterniim is verv large, and the metasternum small, 

so that the middle and hinder pairs of coxae are placed close 

together. The al)donien consists of nine segments, there being- 

eight dorsal plates in addition tw tlie median plate, and seven 

ventral plates liesides the terminal armature. There is a pair of 

short cerci, each of a single segment. The trochanters are 

divided; each tiliia bears two spurs at the extremity, and the 

tarsi are 5-jointed. 

The most characteristic and interesting of the structures with 
O 

which the Insects of this family are provided is the apparatus 

from which the name of sawtly is derived. As long as two 

centuries ago these instru¬ 

ments excited the admira¬ 

tion of Yallisnieri and of 

EtAumur, who described 

them at length; and it is 

truly astonishing that any 

part of a living being- 

should be changed into 

tools so mechanically per¬ 

fect as these saws are 

(Fig. 344). They .serve 

the purpose of as.sisting 

the female in depositing 

the eggs in a suitable 

.situation, the place selected 

being- frequently the ten- 
Fic. 344.—Saw.s nf Cimhex sylvarnm. A, The i . f , r " i i 

spread out and placed in a horizontal posi- ^ Stems ot SniUoS 01 

tioii ; a, the lower inaraiu ol the .saw i)ro])er ; other plants, 01' tllC ill- 
b, the uijper iiiargiu of the .sujiport : B, two , • e i ' an 
teeth of the .saw more highly luaguitied. teriOl' Ot icaves. IlieSe 

organs are therefore of 

course possessetl only by the female. They are placed on the 
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lower aspect of the hinder extremity of the body, where they 

are enclosed and protected by a pair of sheaths, from which 

they can be made to protrude by a little pressure exercised on 

the parts immediately in front of them. Each female possesses 

a pair of these saws; they consist of thin laminae of very 

hard consistence, and are not only toothed at their edge, but in 

many cases each tooth is itself serrate; at the same time the 

outer face of the saw is sculptimed or plicate in a remarkable 

manner, so that the saw in this way acts as a file or rasp. The 

Insect having selected a suitable place, uses the saws by placing 

the extremity of the abdomen against a twig or leaf, protruding 

the blades, which, moving with an alternate motion, one being 

thrust forward while the other is retracted, act on the plant so 

as to make an incision. Each saw is directed in its movement by 

the support, the pair of supports being united at the base by 

membrane as shown in Eig. 344. In the case of some species, 

—Hylotoma rosae, the common sawfly of our rose-bushes, for 

instance—there is no difiiculty in observing the operation ; in¬ 

deed old Eeaumur, when speaking of the placid disposition of the 

sawflies, suggests that it was given them so that we may easily 

observe their charming operations. We cannot but regret that 

in these days we are unable to take so complacent a view of the 

arrangements of nature. There is much variety in the details 

of the structure of these saws; so much indeed that it is possible 

to identify most of the species by means of the saw alone. 

According to certain observers, the eggs are laid by some kinds 

on, not in, the leaves, so that we may conclude that in these 

cases the saws are not used by their possessors. An incision 

having been made, an egg is placed in it, and also a drop of some 

liquid matter. The egg is at first small, but soon increases till 

it becomes twice or three times its former size, and the develop¬ 

ment of the embryo commences. 
The larvae of the Tenthredinidae exhibit great variety, and 

are indeed in this respect more interesting than the perfect 

Insects. The usual rule is that the larvae much resembles 

those of Lepidopterous Insects, and feed exposed on plants in 

the same way as Lepidopterous larvae do. But the exceptions 

are numerous; sometimes the larva is covered with slime, and 

thus protected from various enemies. In other cases it is very 

depressed, a broad creature, of irregular outline, living closely 

VOL. V 2 L 
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attached to the leaf, somewhat after the fashion of a huge scale- 

insect. Some larvae mine between the layers of a leaf, others roll 

np leaves ; a few live in the stems of plants, and one or two inside 

fruits. Even this does not complete the list of their habits, for 

a few species of Kematus live in galls caused by the deposition of 

the egg. A species of Lyda forms for itself a case out of bits of 

leaves, and carries this habitation about with it after the fashion 

of the Phryganeidae. The number of legs in these larvae is 

unusually great, varying from eighteen to twenty-two—that is, 

three pairs of thoracic legs and eight of abdominal or pro-legs. 

This character offers a I’eady means of distinguishing, in the majoiity 

of cases, these larvae from those of the Lepidoptera in which the 

number of legs varies, but is only from ten to sixteen; moreover, 

the pro-legs in sawflies are destitute of the circles of booklets 

that exist in Lepidoptera. This mode of identifying the 

immature stages of the Tenthredinidae is not, however, always 

satisfactory, as there are some of these larvae that have no pro¬ 

legs at all, but only the three thoracic pairs. Another point of 

distinction exists, inasmuch as the larvae of the sawflies have 

only one ocellirs on each side of the head, whereas in the Lepi- 

dopterous caterpillars the rule is that there are several of these 

little eyes on each side. In addition to this, we should mention 

that the Lepidopterous larva never has any pro-legs on the fifth 

body-segment, whereas in the sawflies when pro-legs are present 

there is always a pair on the segment in question. 

These larvae are of various colours, but the patterns and 

markings they exhibit are not quite like those of the Lepidoptera, 

though it would be difficult to make any correct general state¬ 

ment as to the nature of the differences. The variety of their 

postures is very remarkable; and in respect of these also 

Tenthredinidae differ considerably from Lepidoptera. Some of 

them hold the posterior part of the body erect, clasping the 

leaf by their anterior legs; others keep the posterior part of the 

Ijody curled up (Fig. 343, A), and some combine these methods 

by curving the posterior part of the body and holding it away 

irom the food. These attitudes, like the general form, are 

cliaracteristic for each species. The Xcmutus larvae that inhabit 

galls possess all the characteristics of those that feed externally. 

As a rule the skiii of the larva is naked and free from hair, but 

it is often minutely tuberculate, and in a few species it is armed 
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with remarkable forked spines. These spines may exist during 

part of the larval life, and completely disappear at one of the 

moults. The creatures are as a rule very sluggish, and move 

about much less than Lepidopterons larvae; many of them, when 

alarmed, haA^e the power of exuding a disagreeable liquid, either 

from the mouth or from pores in tlie skin; in the latter case it 

may be sent as a sort of spray to some little distance from the 

body. This operation is said to be very efficacious as a means 

of protecting the larvae from the attacks of parasitic flies that 

are desirous of laying eggs in their bodies. One peculiarity as 

to their colour has attracted the attention of Eeaumur and sub¬ 

sequent naturalists, namely, that in the case of many species a 

great change takes place in the colour during the life of the 

larva, and more especially at the period of the last moult. The 

change to the pupal state usually takes place in a cocoon, and 

some species have the peculiar habit of forming a double cocoon, 

the outer one being hard and coarse, while the inner is beauti¬ 

fully delicate. The cocoon is sometimes formed in the earth, 

and in that case it may be to a large extent composed of earthy 

matter. The Insect frequently remains a long time in its cocoon 

before emerging as a perfect Insect; however long this time may 

be, it is nearly all of it passed in the larval state; when the 

Insect does change to a pupa it speedily thereafter emerges as a 

perfect Insect. In the pupa the parts of the imago may be seen 

enveloped in a very delicate, transparent skin. 

In Brazil iJielocerus ellisii, a sawfly allied to Hylotoma, 

constructs a nest in which the cocoons of many specimens 

are crowded together, being packed side by side like the cells 

in the comb of the l)ee, while the whole mass is protected by 

a thick outer wall. It is not known in what manner this 

communal work is carried out, but it is interesting to note that 

the cocoons assume to a considerable extent the hexagonal form 

of the cells in the condi of the bee. Some doubt was expressed 

as to the interpretation put on this structure by Curtis, but his 

observations have been confirmed by Smith and 1‘eckholt. 

Several species of sawflies are known to be very injurious to 

crops. One of these—the sawfly of the turnip, Athalia sjyinaruvi 

{centifoliae Panz.)—sometimes commits excessive depredations 

on the turnip crops in this country as well as on the continent of 

Europe; its life-history and anatomy were described by Newport 
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in an essay published by the Entomological Society in 1838. 

The eggs, it appears, are laid singly at the edges of the leaves 

in the month of May, as many as 200 or 300 being deposited by 

one female; as the parent flies are usually gregarious, appearing 

in large numbers in fields of turnips, it is not difficult to form an 

idea of the serious nature of their depredations. The egg grows 

very considerably; the development of the embryo is rapid, 

occupying, even in unfavourable weather, only seven or eight days, 

while in rpiite congenial circumstances it is probable that the 

eggs may hatch about the fourth day after their deposition. The 

young grub immediately begins to feed, and in about five days 

changes its skin for the first time; it repeats this operation twice 

at similar or slightly longer intervals, the third moult thus occur- 

rino; when the larva is three or four weeks old; it is then that the 

larva begins to be most destructive. Sunshine and warm weather 

are very favourable to it, and under their influence it grows so 

rapidly that in a few days a field may he almost completely 

stripped of its foliage. This larva is of a sooty black colour, 

and will live on other Cruciferous plants quite as well as on the 

turnip. When full grown it buries itself to a slight depth under 

the surface of the earth, and forms an oval cocoon of a firm 

texture, and with many particles of earth closely adherent to it. 

The perfect fly emerges towards the end of July, and a second 

brood will be produced in the same season if circumstances 

are favourable ; in that case the resulting larvae enter the 

ground for the formation of their cocoons in September or 

October, and pass the winter in their cocoons, but still in the 

larval state; changing to pupae in the following spring, and 

appearing as perfect Insects in May. From this account it 

appears not improbable that the offspring of a single female 

existing in the April of one year may amount by the following 

May — three generations having been passed through in the 

interval—to as many as 27,000,000 larvae. Fortunately the 

creatures are, as Erauenfeld observed, destroyed in very large 

numbers by a parasitic fungus and by a Nematode (Filarla). 

We have, earlier in the chapter, alluded to the fact that tlie 

phenomena of parthenogenesis prevail somewhat extensively 

among sawflies. It is the rule in the family that males are 

very much less numerous than females, and there are some species 

of which no males Iiave been discovered. This would not be of 
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itself certain evidence of the occurrence of parthenogenesis^ hut 

this has been placed beyond doubt by taking females bred in con- 

hneinent, obtaining unfertilised eggs from them, and rearing the 

larvae produced from the eggs. This has been done by numerous 

observers with curious results. In many cases the partheno- 

genetic progeny, or a portion of it, dies without attaining full 

maturity. This may or may not be due to constitutional weak¬ 

ness arising from the parthenogenetic state. Cameron, who has 

made extensive observations on this subject, thinks that the 

parthenogenesis does involve constitutional weakness, fewer of 

the parthenogenetic young reaching maturity. This he suggests 

may be compensated for—when the parthenogenetic progeny is 

all of the female,sex—by the fact that all those that grow up 

are producers of eggs. In many cases the parthenogenetic young 

of Tenthredinidae are of the male sex, and sometimes the abnormal 

progeny is of both sexes. In the case of one species—the com¬ 

mon currant sawfly, Nematus rihesii—the parthenogenetic progeny 

is nearly, but not quite, always, entirely of the male sex; this 

has been ascertained again and again, and it is impossible in 

these cases to suggest any advantage to the species to compensate 

for constitutional parthenogenetic weakness. On the whole, it 

appears most probable that the parthenogenesis, and the special 

sex produced by it, whether male or female, are due to physio¬ 

logical conditions of which we know little, and that the species 

continue in spite of the parthenogenesis, rather than profit by it. 

It is worthy of remark that one of the species in which partheno¬ 

genesis with production of males occurs—Nmiatus rihesii—is 

perhaps the most abundant of sawflies. 

Although many kinds of Insects display the greatest solicitude 

and ingenuity in providing proper receptacles for their eggs, and 

in storing food for the young that will he produced, there are 

extremely few that display any further interest in their descend¬ 

ants ; probably, indeed, the majority of Insects die before the 

eggs are hatched, one generation never seeing the individuals of 

another. It is therefore interesting to find that a fairly well 

authenticated case of maternal attachment, such as we have 

previously alluded to as occurring in earwigs, has been recorded 

in Perga leivisii, an Australian sawfly of the sub-family Cim- 

hicides. The mother, having deposited about eighty eggs on 

the leaf of a Eucalyptus, remains with them until they hatch. 
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after which she sits over her Ijrood with outstretched legs, and 

with admirable perseverance protects them, so far as she is able, 

from the attacks of parasites and other enemies; she quite 

refuses to be driven away from her charges. Mr. Lewis, to 

whom we are indeljted for this account,^ states that the sawfly 

does not recognise her own special brood, but will give equal 

attention to another brood if she he transferred thereto; and he 

adds that many of the hatches of larvae were destitute of any 

maternal guardian. 

There are about 2000 species of sawflies known. A large 

majority of them are found in the European and ISTorth American 

regions ; still, a good many are known to live in South America, 

and Perga—one of the genera of the family containing many 

species of large size—is peculiar to the Australian region. 

Although the family includes so many species, very few anomalies 

of structure have been detected in it; one species, PomjPioJyx 

dimorplia Freymuth, is described as being apterous in the female, 

and as having the thorax curiously modified in its form. There 

are no very small Insects in the family, and none over the middle 

size. ISlearly 400 species have lieen detected in Britain ; this 

number could certainly be increased by persevering researches. 

The palaeontological record has hitherto given only a very 

meagre evidence about sawflies. Several species have been 

preserved in amber, and three or four are known from Tertiary 

strata in Europe and North America. 

^ Tr. ent. Soc. London, i. 1836, p. 232. 



CHAPTER XXIII 

HYINIENOPTERA PETIOLATA-PARASITIC HYMENOPTERA-CYNIPIDAE 

OR GALL-FLIES-PROCTOTRYPIDAE--CHALCIDIDAE-ICHNEU- 

MONIDAB ■— BRACONIDAE STEPHANIDAE MEGALYRIDAE  

EVANIIDAE-PELECINIDAE-TRIGONALIDAE. 

We now pass to the consideration of the Hymenoptera of the 

snb-Order Petiolata, or Apocrita, as they are styled hy Braner. 

We should make use of the term Petioliventres, for it contrasts 

naturally by its termination with Sessiliventres, were it not that 

the word is so uncouth that we think it better to adopt the 

shorter and more euphonious expression, Petiolata. 

The members of this sub-Order, without exception, have the 

hind body connected with the thorax hy means of a deep con¬ 

striction, so that the base of the abdomen (Pig. 336, B, b) is 

very narrow; the articulation between the two parts is effected 

hy means of a complex joint allowing great play, and facilitating 

the operations of boring and stinging, processes that are of 

extreme importance in the economy of the great majority of the 

species. The petiole is sometimes extremely short, but it may 

be so long that it appears like a stalk, at whose extremity is 

borne the remaining part of the abdomen (Fig. 369). When 

the petiole is very short the abdomen reposes close to the hack 

of the thorax (Fig. 331, C), and in this case the abdomen is 

usually described as sessile; while, when it is evidently stalked, 

it is said to be petiolete. These terms are, however, unsuitable, 

as the words sessile and petiolate should be reserved for the 

conditions characteristic of the two sub-Orders. We shall 

therefore use the terms pseudo-sessile and pedicellate for the 

two conditions of the Petiolata. 
The Flymenoptera Petiolata comprises an enormous majority 
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of the Order. Although it includes many of the most interest¬ 

ing and important of Insects, its classification 

is but little advanced, for a great many of 

the forms are still rare or unknown. Three 

series may be adopted for the purposes of 

nomenclature. 

1. Parasitica.—Trochanters of two pieces, 

female with an ovipositor. 

2. T'uljulifera.—Trochanters undivided ; ab¬ 

domen consisting of only three, four, or five 

visible segments. 

3. Aculeata.—Trochanters undivided; abdo¬ 

men consisting of six or seven visible segments ; 

female funiished with a retractile sting. 

In the absence of any clear distinction 

between sting and ovipositor, these groups are 

merely conventional. The character furnished 

by the trochanters is unfortunately subject to 

some exceptions, there being a few parasitic 

forms in which the trochanters are not divided, 

and' a few aculeates in which the reverse 

is more or less distinctly the ease; moreover, 

the division, when it exists, is in some cases obscure, and the two 

pieces are of unequal size. Eatzeburg calls the upper division, 

which is frequently much larger than the other, the trochanter, 

and the lower division the apophysis. There is much reason 

for believing that the apophysis is really merely a secondary 

division of the femur. The Tubulifera are a comparatively small 

group, and will probably be merged in one of the other two, 

when the anatomy and morphology of the abdomen have been 
more thoroughly elucidated. 

Series 1. Hymenoptera Parasitica or Terebrantia. 

This is one of the most extensive divisions of the class 

Insecta. There can be little doubt that it contains 200,000 

species, and possibly the number may be very much greater than 

this. It is, however, one of the most neglected of the great 

groups of Insects, though it is perhaps of greater economic 
importance to mankind than any other. 

Fig. 34.5.—Divided (di- 
trochous) trochanter 
of ail Ichneumon ; 
a, co.va ; h, the two 
divisions of the tro¬ 
chanter ; c, femur. 
(For monotrochous 
trochanter see Fig. 
335, A, c.) 
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Insects derive their sustenance primarily from the vegetable 

kingdom. So great and rapid are the powers of assimilation of 

the Insect, so prodigious its capacity for multiplication, that the 

Mammal would not he able to compete with it were it not that 

the great horde of six-legged creatures has divided itself into two 

armies, one of which destroys the other. The parasitic Hyrnen- 

optera are chiefly occupied in destroying the tribes of vegetarian 

Insects; the parasites do this by the simple and efficient device 

of dwelling in the bodies of their hosts and appropriating the 

nutriment the latter take in. The parasites do not, as a rule, 

eat the structures of their host,—many of them, indeed, have 

no organs that would enable them to do this,—biit they 

absorb the vegetable juices that, in a more or less altered state, 

form the lymph or so-called blood of the host. The host could 

perhaps starve out his enemies by a judicious system of absten¬ 

tion from food; instead, however, of doing this, he adopts the 

suicidal policy of persistent eating, and as the result of his 

exertions, furnishes sufficient food to his parasites, and then 

dies himself, indirectly starved. Eatzeburg considers that the 

traditional view that the larvae of parasitic Hymenoptera live 

by eating the fat-body of their host is erroneous. They imbibe, 

he considers, the liquid that fills the body of the parasitised 

Insect.^ 

The wide prevalence of Insect parasitism is appreciated only 

by entomologists. The destructive winter moth—Cheimatohia 

hriimata—is known to he subject to the attacks of sixty-three 

species of Hymenopterous parasites. So abundant are these 

latter that late in the autumn it is not infrequently the case 

that the majority of caterpillars contain these destroyers. Al¬ 

though Lepidoptera are very favourite objects with parasitic 

Hymenoptera, yet other Insects are also pertinaciously attacked; 

there is quite a host of Insect creatures that obtain their susten¬ 

ance by living inside the tiny Aphididae, or “ green-flies,” that 

so much annoy the gardener. A still larger number of parasites 

attack eggs of Insects, one or more individuals finding sufficient 

sustenance for growth and development inside another Insect’s 

egg. As Insects have attacked Insects, so have parasites attacked 

parasites, and the phenomena called hyperparasitism have been 

developed. These cases of secondary parasitism, in which another 

^ Ichncumonen der Forstinsecten, i. 1844, p. 86. 
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species attacks a primary parasite, are extremely numerous. It 

is also pretty certain that tertiary parasitism occurs, and Eiley 

is of opinion that even quaternary destruction is not outside the 

range of probability. 

The physiological problems connected with Insect parasitism 

are of great interest to the entomologist; the inodes of nutrition 

and respiration of these encaged creatures could not fail to be 

most instructive were we fully acquainted with them. It is 

obvious that when an Insect-egg is laid inside another Insect’s 

egg, and the parasite has to undergo the whole of its growth 

therein, it is in the strangest condition as regards nutrition. It 

is unnecessary for the intruded egg to have yolk of its own ; 

moreover, the embryonic mode of nutrition may be continued • 

during what would, with other Insects, be the larval period. 

And it seems to be the case that both these conditions are 

actually met with in the lives of egg-parasites. The embryology 

and post-embryonic development of parasitic Hymeuoptera have 

already been ascertained to be of the most extraordinary nature. 

Great variety, however, will no doubt be found to exist, as will l)e 

readily understood if we tabulate the conditions of the early life 

of various parasitic Hymeuoptera. 

1. The egg may be laid outside a larva, and the embryonic 

and larval developments may both be passed on the exterior. 

2. The egg may be laid and the embryonic development 

passed through, outside the host, but the parasite on hatching 

may enter the host, so that the post-embryonic development is 
passed in the lymph of the host. 

3. The egg may be laid inside the host, both embryonic and 

post-embryonic developments being gone through in the fluids of 
the host. 

4. The egg may be laid inside another egg, the embryonic 

and post-embryonic developments being passed therein. 

We shall find that all these conditions exist in the Insects 
we are about to consider. 

We shall treat the series as composed of ten families; but 

we must remind the student that this great subject is still in a, 

very unadvanced state; the combined efforts of generations of 

naturalists will be required to perfect it. Of the ten families 

five are cominiratively insignificant in number of species. Many 

of the Cynipidae are not parasitic in habits, but IHe in galls. 
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After what we have said as to the mode of nutrition of parasites 

it will be understood that the physiological conditions of life 

may not be so different in a gall-dweller and a parasite as would 

at first he supposed; and it is perhaps not a matter for much 

surprise that good characters cannot be found to separate the 
gallicolous from the parasitic forms. 

Fam. I. Cynipidae—Gall-flies. 

Wings xoith very few cells, with no dark 'patch (stigma) on the 

anterior margin ; pronotum fixed to the mesonotum, and at 

each side extending hack to the point of insertion of the 

front loing. Antennae not ehbowed hut straight, composed of 

a moderate number (12-15) of joints. Early stages passed 

either in galls or as parasites in the bodies of other Insects. 

The Cynipidae are always small, frequently minute, Insects; 
usually black or pitchy in 

colour. The simple struc¬ 

ture of the antennae and 

thenumber of their joints are 

of importance as an aid in 

identifying a Cynipid. The 

mesonotum is usually re¬ 

markably convex, and has, 

behind, a prominent scutel- 

lum, which more or less over¬ 

hangs the small metanotum 

and the median segment; 

these are perpendicular in their direction; the sculpture of these 

posterior parts of the alitrunk is usually deep and remarkalde. 

The abdomen has usually only a short petiole, so as to be pseudo- 

sessile ; but there are some genera in which this part is rather 

long. The abdomen is generally so very much changed in outer 

form that its structure is not easily understood. The visible por¬ 

tion is frequently in larger part made up of the greatly enlarged 

dorsal plate of the second or third segment, or of both. These 

large plates are really chiefly composed of free flaps, and on lift¬ 

ing them up the large ventral plates are disclosed, although these 

appeared previously to be nearly or quite absent. In the female 
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Fig. 347.—Ovipo.sitor of Neuroterus laevius- 
culus. (After Adler.) a, a. The ovi¬ 
positor partially coiled ; i, extremity of 
posterior plate ; c, c, mu.scles. 

there is a very slender ovipositor, (jf which only a small part pro¬ 

trudes, although the organ is really elongate ; it is drawn into the 
abdomen by means of a peculiar 

series of structures, the modi¬ 

fied terminal segments to which 

it is attached being folded over 

into the interior of the body 

in such a way that the pos¬ 

terior part becomes situated 

anteriorly. In conformity with 

this arrangement, the oviposi¬ 

tor is bent double on itself, 

the anterior and the middle 

portions of the borer being 

carried into the body, leav¬ 

ing only a small part projecting beyond the extremity. The 

Cynipid ovipositor is an instrument of much delicacy, and 

is capable of a great deal of movement; it is usually serrate 

just at the tip, and although it looks so very different from the 

cutting apparatus of the sawfiies (Fig. 344), it seems that it is 

really composed of pieces similar in their origin to those of the 

Tenthredinidae. 

The wings frequently bear fine hairs; the paucity of nerv- 

ures and the absence of the “ stigma ” are of importance in 

the definition of the family. The most important of the cells is 

one called the radial cell, situate just beyond the middle of the 

front part of the wing. 

AYe cannot enter into a consideration of the classification of 

the family, as authorities are not agreed on the subject.^ As 

regards their habits Cynipidae are, however, of three different 

kinds: (1) the true gall-flies, or Psenides, which lay an egg or 

eggs in the tissues of a growing plant, in the interior of which 

the larva lives after it is hatched; this mode of life may or 

may not, according to the species, be accompanied by formation 

of a peculiar growth called a gall: (2) Inquilines,^ or guest-flies; 

See Cameron, Brit. Phyt. Ilyin, iii. Ray Soc. 1890, ji. 152. 

- The term iiiquiline is applied in entomology to a great variety of conditions 
covered by the Latin word ‘nnauilinus” (incolinns), signifying a tenant or dweller 

in another’s property. The term parasite is used in a still wider and vaguer sense, 
being in fact applied to a large number of cases, in many of which we do not at 

present understand the exact reiarions between the two parties concerned. This 
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these lay their eggs in the galls formed by the gall-makers 

subsequent to the growth of the galls, of which they obtain 

the benefit: (3) Parasites; these live, like most Ichneunion-fiies, 

in the interior of the bodies of other living Insects; they prey 

on a considerable variety of Insects, but chiefiy, it is believed, on 

Aphididae, or on Dipterous larvae. These parasitic flies belong 

to the sub-family Figitides. 

A great deal of discussion has occurred relative to the nature 

and origin of galls, and many points still remain obscure. Con¬ 

siderable light has been thrown on the subject by the direct 

observations of modern naturalists. Previous to Malpighi, who 

wrote on the subject two hundred years ago, it was supposed that 

galls were entirely vegetable productions, and that the maggots 

found in them were due to spontaneous generation, it having been an 

article of belief in the Middle Ages that magcrots in general arose 

from the various organic substances in which they were found, by 

means of the hypothetical process called, as we haA^e said, spon¬ 

taneous generation. Malpighi was aware of the unsatisfactory 

nature of such a belief, and having found by observation that 

galls arose from the punctures of Insects, he came to the further 

conclusion that the growth of the gall was due to the injection 

by the Insect into the plant of a fluid he termed Ichor, which 

had, he considered, the effect of producing a swelling in the plant, 

something in the same way as the sting of a bee or wasp 

produces a swelling in an animal. EcAumur also made observa¬ 

tions on the gall-insects, and came to the conclusion that the 

latter part of Malpighi’s views was erroneous, and that the swell¬ 

ing was not due to any fluid, but simply to irritation caused by 

the prick; this irritation being kept up by the egg that was 

deposited and by the subsecpient deA^elopment of the larva. 

Observations since the time of Keaumur haA^e shown that the 

matter is not quite so simple as he supposed, for though in the 

case of some galls the deA^elopment of the gall commences immedi¬ 

ately after the introduction of the egg, yet in other cases, as in 

the Cynipidae, it does not occur till some time thereafter, being 

delayed even until after the hatching of the egg and the com¬ 

mencement of the development of the larva. Oalls are originated 

subject is no doubt destined to become a most interesting department of entomology. 

See Riley, P. cnt. Soc. IVcishington, ii. 1893, p. 397 ; and M asmann, Zusaiii'inengesetz- 

tan Nester, etc., 1891. 
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by a great variety of Insects, as well as by mites, on many plants ; 

and it must not be concluded that a gall has been formed l.)y 

Hymenoptera even when these Insects are reared from one. 

Extremely curious galls are formed by scale-Insects of the sub¬ 

family Brachyscelides on Eucalyptus trees in Australia; they are 

much inhabited by parasitic Hymenoptera, and Eroggatt has 

obtained 100 specimens of a small black Chalcid from a single dead 

Brachyscelid.^ The exact manner in which many of these galls 

originate is not yet sufficiently ascertained; but the subject of 

the galls resulting from the actions of Cynipidae has received 

special attention, and we are now able to form a conception 

of their nature. They are produced by the meristematic or 

dividing tissue of plants, and frequently in the cambium 

zone, which is caused to develop to an imusual extent, and 

in a more or less abnormal manner, by the presence of the 

Insect. The exact way in which a Cynipid affects the plant is 

perhaps not conclusively settled, and may be found to differ in 

the cases of different Cynipidae, but the view advocated by Adler 

and others, and recently stated by Biley,^ seems satisfactory; it 

is to the effect that the activity of the larva probably affects 

the meristem, by means of a secretion exuded by the larva. 

The mere presence of the egg does not suffice to give rise to the 

gall, for the egg may be deposited months before the gall begins 

to form. It is for the same reason improbable that a fluid injected 

by the parent fly determines the gall’s growth. It is true that 

the parent fly does exude a liquid during the act of oviposition, 

but this is believed to be merely of a lubricant nature, and not to 

influence the development. It is said that the gall begins to form 

in some cases before the larva is actually hatched, but the eggs of 

some Hymenoptera exhibit remarkable phenomena of growth, so 

that the egg, even during development of the embryo in it, may 

in these cases, exert an influence on the meristem. It is to 

reactions between the physiological processes of the meristem 

and the growing Insect that the gall and its form are due. 

The investigations of several recent naturalists lend support 

to the view that only the meristematic cells of the plant can 

give rise to a gall. Biley says that the rate of growth of the 

gall is dependent on the activity of the meristem, galls on cat- 

^ P. Linn. Soc. X. S. IVdlcs (2), vii. 1892, p. 357. 

' Science (n.a.), i. 1895, p. 457. 
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kins developing the most quickly; those forming on young leaves 

also grow with rapidity, while galls formed on bark or roots may 
take months to attain their full size. 

It is a curious fact that Cynipid galls are formed chiefly on 

oaks, this kind of tree supplying a surprising number and variety 

of galls. The plants that furnish Cynipid galls in Europe are 

not numerous. A list of them is given by Cameron.^ Several 

species, of the genus Jlkodites, attack rose-bushes. One of the 

best known of our British galls is the bedeguar, found in various 

parts of the country on both wild and cultivated rose-bushes (Fig. 

348), and caused by Hhodites Toscie (Fig. 349). This gall has 

Fig. 348. —Bedeguar 
on rose, cut across 
to show the cells 
of the larvae ; in 
some of the cells 
larvae are seen. 

the appearance of arising from a twig or stem, but it is really a 

leaf gall. Pazlavsky “ has described the mode of formation of 

the bedeguar. The female Bhodites in the spring selects a rose¬ 

bud—not a flower-bud—that should produce a twig and leaves, 

and pricks this bud in a systematic manner in three places. The 

three spots of the bud pricked by the Insect are the three unde¬ 

veloped leaves that correspond to a complete cycle in the phyllo- 

taxis of the plant. The three rudiments do not develop 

into leaves, but by a changed mode of growth give rise to the 

bedeguar. Usually this gall, as shown in our figure, is of 

large size, and contains numerous cells; but abortive specimens 

are not infrecjuently met with ; sometimes a small one is seated 

on a rose-leaf, and it is thought that these are due to a failure 

on the part of the Insect to complete the pricking operation. 

' Hcnj Soc. vol. iv. 1893, p. 24. 

- Term. Filzctch, v. 1882, j'- 198, and Biol. Centralbl. ii. 1882, p. 617. 
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Cynipidae will not go through their gall-making operations except 

under natural conditions. Giraud ^ attempted to obtain oviposi- 

tion, on gathered twigs of oak, 

from flieB in confinement; but, 

although he experimented with 

thousands of specimens, they on 

no occasion laid their eggs in 

the fresh shoots placed at their 

disposal, but discharged their 

eggs in little heaps, without 

attention to the ‘twigs. The 

same observer has also called 

attention to the fact that after 

Ijeing deposited in a bud the eggs 

Fig. 349.—AWte rosae, female. of certain species of Cynips will 
Cambridge. remain dormant without produc¬ 

ing, so far as can be seen, any effect on the tree for a period 

of fully ten months, but when the bud begins to develop and 

the egg hatches then the gall grows. 

The exact mode in which the egg is brought to- the recjuisite 

sjjot in the plant is still uncertain. The path traversed by the 

ovipositor in the plant is sometimes of considerable length, and 

far from straight; in some cases before it actually pierces the 

tissues, the organ is thrust between scales or through fissures, so 

that the terebra, or boring part of the ovipositor, when it reaches 

the minute seam of cambium, is variously curved and flexed. 

Now as the canal in its interior is of extreme tenuity, and 

frequently of great length, it must be a very difficult matter for 

the egg to reach the tissfxe where it should develop. The eggs 

of Cynipidae are very remarkable bodies; they are very ductile, 

and consist of a head, and of a stalk that in some cases is five or 

six times as long as the head, and is itself somewhat enlarged at 

the opposite end. Some other Hymenoptera have also stalked 

eggs of a similar kind (Fig. 85 7, A, egg of Zei(cospis). It has 

l)een thought that this remarkable shape permits of the contents 

of the egg being transferred for a time to the narrower parts, and 

thus allows the broader portion of the egg to be temporarily 

compressed, and the whole structure to be passed through a very 

narrow canal or orifice. It is, however, very doulitful whether 

* Ann. Soc. ent. France (4), vi. 1866, p. 198. 
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the egg really passes along the canal of the borer. Hartig 

thought that it did so, and Eiley supports this view to a limited 

extent. Adler, however, is of a different opinion, and considers 

that the egg travels in larger part outside the terebra. It should 

he remembered that the ovipositor is really composed of several 

appendages that are developed from the outside of the body; 

thus the external orifice of the body is morphologically at the 

base of the borer, the several parts of which are in longitudinal 

apposition. Hence there is nothing that would render the view 

of the egg leaving the ovipositor at the base improbable, and 

Adler supposes that it actually does so, the thin end being 

retained between the divisions of the terebra. Eiley is of opinion 

that the act of oviposition in these Insects follows no uniform 

system. He has observed that in the case of Gallirliytis clavvla, 

ovipositing in the buds of Querciis ctlba, the eggs are inserted by 

the egg-stalk into the substance of the leaf, and that the egg- 

fluids are at first gathered in the posterior end, which is not 

inserted. “ The fluids are then gradually absorbed from this 

exposed portion into the inserted portion of the egg, and by the 

time the young leaves have formed the exposed [parts of the] 

shells are empty, the thread-like stalk has disappeared, and the 

ecrcr-contents are all contained within the leaf tissue.” He has 

also observed that in Biorhiza nigra the pedicel, or stalk, only is 

inserted in the embryonic leaf-tissue, and that the enlarged portion 

or egg-body is at first external. The same naturalist also records 

that in the case of a small inquiline species, Cerojytres politus, the 

pedicel of the egg is very short, and in this case the egg is thrust 

down into the puncture made by the borer, so that the egg is 

entirely covered. 
Some Cynipidae bore a large number of the channels for their 

eggs before depositing any of the latter, and it would appear that 

it is the rule that the boring of the channel is an act separate 

from that of actual oviposition. Adler distinguishes three stages: 

(1) boring of the canal; (2) the passage of the egg from the base 

of the ovipositor, where the egg-stalk is pinched between the two 

spiculae and the egg is pushed along the ovipositor ; (3) after the 

point of the ovipositor is withdrawn, the egg-hody enters the 

pierced canal, and is pushed forward by the ovipositor until it 

reaches the bottom.^ 

^ Adler and Straton, Alternating Generations, 1894, p. 119. 

2 VOL. V 
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About fifty yeai's ago Hartig reared large numbers of certain 

species of gall-flies from their galls, obtaining from 28,000 galls 

of Cynips (listicha about 10,000 flies, and from galls of C.folii 

3000 or 4000 examples of this species; he found that all the 

individuals were females. His observations were subsequently 

almndantly confirmed by other naturalists, among whom we 

may mention Frederick Smith in our own country, who made 

in vain repeated attempts to obtain males of the species of the 

genus Cynips. On one occasion he collected in the South of 

England 4410 galls of C. Icollari (at that time called C. ligni- 

cola), and from these he obtained 15 62 flie.s, all of which were 

females. A second effort was attended with similar results. Hartig, 

writing in 1843, after many years’ experience, stated that though 

he was acquainted with twenty-eight species of the genus Cynips, 

he had not seen a male of any one of them. During the course 

of these futile attempts it was, however, seen that a possible 

source of fallacy existed in the fact that the Insects were reared 

from collected galls; and these being similar to one another, 

it was possible that the males might inhabit some different gall. 

Adler endeavoured to put the questions thus raised to the test 

by means of rearing females from galls, and then getting these 

females to produce, parthenogenetically, galls on small oaks planted 

in pots, and thus completely under control. He was cj^uite 

successful in carrying out his project, and in doing so he made a 

most extraordinary discovery, viz. that the galls produced by these 

parthenogenetic females on his potted oaks, were (juite different 

from the galls from which the flies themselves were reared, and 

were, in fact, galls that gave rise to a fly that had been previously 

considered a distinct species; arid of this form both sexes were 

produced. Adler’s observations have been confirmed by other natu¬ 

ralists, and thus the occurrence of alternation of venerations, one 

of the two generations l)eing parthenogenetic, has been thoroughly 

established in Cynipidae. AA may mention one case as illustrat¬ 

ive. A gall-fly called Cliilaspis lowii is produced from galls on 

oak-leaves at A'ienna at the end of April, both sexes occurring. 

The female thereafter lays eggs on the ribs of the leaves of the 

same kind of oak, and thus produces a different gall from that 

which nourished herself. These galls fall off with the leaves in 

the autumn, and in Jidy or August of the following year a gall¬ 

fly is produced from them. It is a different creature from the 
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mother, and was previously known to eutoinologists under the 

name of Chilaspis nitida. Only females of it occur, and these 

parthenogenetic individuals lay their eggs in the young buds of the 

oak that are already present in the autumn, and in the following 

spring, when the buds open and the leaves develop,' those that 

have had an egg laid in them produce a gall from which Chilaspis 

lowii emerges in April or May. In this case therefore the cycle 

of the two generations extends over two years, the generation 

that takes the greater part of the time for its production con¬ 

sisting only of females. Adler’s observations showed that, though 

in some species this alternation of generations was accompanied 

by parthenogenesis in one part of the cycle, yet in other species 

this was not the case. He found, for instance, that some gall¬ 

flies of the genus Apliilothrix produced a series of generations 

the individuals of which were similar to one another, and were 

all females and parthenogenetic. In some species of the old 

genus Cynips no males are even yet known to occur. A very 

curious observation was made by the American, Walsh, viz. that 

of galls gathered by him quite similar to one another, some pro¬ 

duced speedily a number of both sexes of Cynips spongifica, while 

much later on in the season the remainder of the galls gave rise 

to females only of an Insect called Cynips acicnlata. It is be¬ 

lieved that the galls gathered by Walsh ^ were really all one 

species; so that parts of the same generation emerge at different 

times and in two distinct forms, one of them parthenogenetic, the 

other consisting of two sexes. It has, however, been suggested 

that Cynips spongifica and C. acicidata may be two distinct species, 

producing quite similar galls. 
Turning now to the questions connected with inquiline or 

guest-flies, we may commence with drawing attention to the 

great practical difliculties that surround the investigation of 

this subject. If we open a number of specimens of any kind of 

gall it is probable that several kinds of larvae will be found. 

In Tig. 350 we represent four kinds of larvae that were taken 

out of a few bedeguar galls gathered on one day in a lane near 

Cambridge. It is pretty certain that No. 1 in this figure repre¬ 

sents the larva of Bhodites rosae, and that Nos. 2 and 3 are 

larvae of inquilines, possibly of Synergus, or of a parasite ; while 

No. 4, which was engaged in feeding on No. 3 in the position 

^ P. eniovi. Soc. Philadelphia, ii. 1864, pp. 447, etc. 
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shown, is possibly a Chalcid of the genus Monodontomerus, or 

may be Callimome bedeguaris. It is clear that, as we cannot 

ascertain what is inside a gall without opening it, and thereby 

killing the tenants, it is a most difficult matter to identify the 

larvae; the only safe method is that of observation of the act of 

oviposition; this may he supplemented Ijy rearing the Hies from 

galls, so as to ascertain what variety of flies are associated with 

each kind of gall. This last point has been well attended to: 

but the number of cases in which oviposition of inquiline gall¬ 

flies in the galls formed by the Psenides has been ascertained by 

direct observation is still very small; they are, however, sufficient 

to show that the inquilines deposit their eggs only after the 

galls are formed. 

Fig. 350.—Lan-ae in¬ 
habiting bedeguar 
gall at Cambridge. 
1, Rhodites rosae 
in cell ; 2 and 3, 
larvae of inqiii- 
lines ; 4, larva of 
a parasitic Hymeu- 
opterou. 

Bassett recorded the first case of the kind in connexion with a 

North American species, Cgnips (^Ceroj^tres) quercus-arbos Fitch. 

He says: “On the first of June galls on Quercus ilicifoUa had 

reached their full size, but were still tender, quite like the 

young shoots of which they formed part. Examining them on 

that day, I discovered on them two gall-flies, which I succeeded 

in taking. They were females, and the ovipositor of each was 

inserted into the gall so deejily that they could not readily free 

themselves, and they were removed by force.” 

The great resemblance of the inquiline gall-fly to the fly that 

makes.the gall both dwell in, has been several times noticed by 

Osten Sacken, who says “ one of the most curious circumstances 

connected with the history of two North American blackberry 

gfills is, that besides the BiastropJms, which apparently is the 

genuine originator of the gall, they produce another gall-fly, no 

doubt an impiiline, belonging to the genus Aulax, and showing 

the most striking resemblance in size, colouring, and sculpture to 

the Dlastrophus, their companion. The one is the very counterpart 
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of the, other, hardly showing any differences, except the strictly 

generic characters ! This seems to he one of those curious 

instances, so frequent in entomology, of the resemblance between 

parasites and their hosts! By rearing a considerable number of 

galls of IJ. nehidosus I obtained this species as well as its parasite 

almost in equal numbers. By cutting some of the galls open I 

ascertained that a single specimen of the gall frequently con¬ 

tained both species, thus setting aside a possible doubt whether 

these Insects are not produced by two different, although closely 

similar galls.” ^ 

The substance of which galls are composed, or rather, perhaps, 

a juice they afford, is apparently a most suitable pabulum for the 

support of Insect life, and is eagerly sought after by a variety 

of Insects; hence by collecting galls, in large quantities many 

species of Insects may he reared from them; indeed by this 

means as many as thirty different kinds of Insects, and belong¬ 

ing to all, or nearly all, the Orders, have been obtained from a 

single species of gall. Some galls are sought by birds, which 

open them and extract their tenants, even in cases where it 

might be supposed that the nauseous flavour of the galls would 

forl^id such proceedings. 
Xot more than 500 species of Psenides and Inquiline Cyni- 

pidae are known from all parts of the world; and of described 

Parasitic Cynipidae there are only about 150 species. The 

British forms have recently been treated by Cameron in the 

work we have already several times referred to.^ 

A few Cynipidae have been found in amber; and remains of 

members of the family, as well as some galls, are said by Scudder 

to have been found in the Tertiary strata at ITorissant. 

Fam. II. Proctotrypidae, or Oxyura. 

Small Hymenoidera, with feio, or even no, nevvures in the icings: 

the jovonotuni closely adherent to the mesothorax, and at the 

sides reaching hackioards to the points of insertion of the 

icings. The abdomen is pointed, and the pointed apex is 

frequently deflexedthe ovipositor is not coiled, hut is 

retractile, and when extruded is of tubular form, and appar- 

P. ent. Soc. Philad. ii. 1863, p. 34. 

Brit. Phyt. Hym. vols. iii. and iv. Ray Soc. 1891 and 1893. 
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eidlij a c-ontinuation of th f tip oj the hocly. The earlier stages 

are 2>asse(l in the hodies, or in the eggs, of other Arthropods. 

The J?roctotryi)iclae is one of the most difficult groups of 
1 [ymenoptera to define ; some of its 
memljers exhibit a great resemldance 
to Aculeate Ifymenoptera. This is 
the case with the Insect we figure 
(Fig. .dol). It, however, is an 
nndoubted I’roctotrypid, but there 
are otlier forms that approach A’ery 
closely in appearance to the Acu- 
leata, or stinging Hynienoptera; so 
that until a better comprehension 
is reached as to the distinction 
between a sting and an ovipositor 
the separation between Proctotry- 
pidae and Aculeata must be con¬ 
sidered somewhat arbitrary. 

There is extreme variety in the family; the Avings differ 
considerably in shape and neuration; they are not infrequently 
altogether absent in one or both sexes. The chief distinction of 
the family from other parasitic Hynienoptera is the tubular form 
of the ovipositor; which part appears to be a continuation of the 
tip of the body. This latter is more definitely acuminate than 
usual, and has given rise to the term Oxyura, by which name 
the Proctotrypidae are distinguished in many books. From the 
Chalcididae they are distinguished also by the angles of the 
pronotum attaining the tegulae. In this character they agree 
Avith the Cynipidae, but the oA'ipositor and abdomen are Amry 
different in form in these tAvo groups, and the Proctotrypidae 
very frequently have a pigmented spot or stigma on the front 
Avings Avhich is absent in Cynipidae. As if to add to the diffi¬ 
culties the systematist meets Avith in dealing Avith this family, 
some of its members lawe the trochanters undiAuded, as in the case 
of the stinging 1 lymenoptera. The larvae of all that are knoAvn 
lead a completely parasitic life in the botlies or eggs of other 
Insects or of Spiders. Sometimes half a dozen specimens may 
find the means of subsistence during the Avhole of their develop¬ 
ment in a single Insect’s egg. Plsually Proctotrypids pupate in 

Fig. 351.—Ilelorus anomalipes. 
Britain. 
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the position in which they have fed np, enclosed each one in a 
more or less dis¬ 

tinct cocoon. In 

Ihg. 352 we re¬ 

present a very 

remarkable case 

of Proctotrypid 
^ Q Fig. 3o2. Pupcitioii of PvoctotTypts sp. in liocly of r beGtlc 

I ’ larva. 
larva of some 

lieetle has nourished many specimens of a species of the genus 

Proctotrypes, and the pupae thereof project from the liody of the 

host, a pair of the parasites issuing from each segmental division 
in a remarkably symmetrical manner. 

Comparatively little is known as to the habits of the members 

of this family, but such information as has been obtained leads 

to the conclusion that great variety will be found to exist in 

this respect. We have already mentioned that numerous species 

have been ascertained to feed inside the eggs of Insects or of 

Spiders; others have been reared from larvae or from galls of 

the minute Dipterous midges of the family Cecidoniyiidae; 

others have been obtained from Cynipid galls, a few from ants’ 

nests and from green-fly; some species are known to attack 

Coleoptera. The distinguished Irish entomologist, Haliday, has 

written an account of the proceedings of a species of Bethylus} 

from which it has been supposed that this Insect carries off living 

caterpillars, and stores them in a suitable receptacle as food for 

its progeny, thus anticipating, as it were, the habits of the 

fossorial division of the Aculeata, in which group this instinct 

has, as we shall subsecpiently relate, attained an astonishing- 

degree of perfection. Haliday’s observation was unfortunately 

incomplete and has not been subsequently confirmed. The 

Dethylides are remarkable for their great ap})roach in structure 

to the Aculeates, so much so that entomologists are not agreed 

as to whether certain Insects are Proctotrypids or Aculeates. 

Pristocera, with a very wide distribution, may be mentioned as 

illustrative of these doubtful forms; but other genera of the 

P>ethylides are in many respects very similar to the Aculeates, 

and it is not matter for surprise tliat Haliday should ha-s'e con¬ 

sidered the Bethylides to he a tribe of the stinging Hyinenoptera. 

1 Entom. Mag. ii. 1835, p. 219. 
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The genus Sdcrodcrma consists of small Insects much resembling 

ants, and, as well as some of its allies, is of great interest from 

the remarkable phenomena of polymorphism presented by certain 

species. The males in this genus are winged, the females com¬ 

pletely apterous; yet at times winged females are produced—as 

exceptional individuals in a brood of wingless specimens—the 

females in these cases being not only winged, but possessed of 

ocelli like the females of other winged Hymenoptera. Particulars 

of a case of this kind have been given by Sir Sidney Saunders,^ 

and Ashmead also mentions “ the exceptional occurrence of these 

winged females. Westwood ^ was of opinion that there are three 

forms of the female sex. This suljject is of importance in con¬ 

nexion with the production of the various castes in ants. 

Although the presence of wings in these Insects is always 

accompanied by the existence of ocelli 

(which, it will be remembered, are normally 

absent from the wingless individuals), yet 

the converse is not always the case, for a 

form of the female of Cephalonomia for- 

miciformis, without any wings, yet having 

ocelli, as well as eyes, well developed, is 

figured by Westwood.'^ 

a 

The development of some of the Proc- 

totrypids has been partially described by 

Ganin and others, and is of an extra¬ 

ordinary character. Ganin’s observations ^ 
Fio. 353.—Ci/clops form of 

larva of PMygasUr .sp. were luost Complete 111 the case of a 

minute Crustacean rather than an Insect- 
larva ; it has a very large rounded anterior portion, while 

behind it terminates in two, or more, tail-like processes. By a 

’ Tr. cnt. Soc. London, 1881, p. 109. 

“ Bull. U. a. Museum, No. 45, 1893, p. 28. 

^ Tr. cnt. Poc. London, 1881, p-. 117. 

■* Tr. cnt. Soc. London, 1881, pt. vi. f. 3 ; pp. 120, 126. 

® Zcitschr. wiss. Zool. xix. 1869 ; Ganin’.s observations are described by 

Lubbock, Origin and Mdamoridioscs of Lnsccts, 1874, p. 34. 
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very peculiar kind of metamorphosis this Cydops-Yike larva 

changes into an almost unsegmented, oviform larva, destitute of 

appendages; by a second change this creatm’e assumes a third 

condition, in which it is similar to the ordinary form of para¬ 

sitic Hymenopterous larvae. Sometimes several of the Platy- 

gaster larvae are found in a single host, hut only one of them 

reaches this third stage. Afterwards the third larval instar 

passes into the pupal stage, which lasts five or six days, and 

then the perfect Insect appears. It is worthy of remark that 

the internal organs undergo quite as remarkable a change as the 

outer form does. The metamorphoses of some other Proctotry- 

pidae have been examined by Ganin, and appear to be of an 

equally interesting character.^ 

There is reason to suppose that these Platygaster parasites 

are of great economic importance as well as of scientific interest, 

for Platygaster herrickii is one of the enemies of the larva of the 

destructive Hessian fly, Cecidomyia destructor. 

The Proctotrypidae are no doubt extremely numerous in species, 

but as yet they have been very little studied; a good work on 

the British species is much required. A valuable contribution 

has recently been made to the study of the family by Ashmead, 

in the book we have already referred to. This vohime includes 

much information on 

the natural history of 

these Insects, and the 

(nitline figures give 

some idea of the great 

variety of external 

form. 

Many entomologists 

include the Mymarides 

in Proctotrypidae, but 

Ashmead considers 

that tiiey should be 

treated as a separate 

family. Alaptus excisus 

MAstw. (Pig. 354) 

lias been frequently said 

Fig. 354.—Alaptus excisus. Westwood. Britain. 
(Probable size about 4 millim.) 

to be the smallest known Insect, the 

1 See also Kulagin, Zool. Anz. xiii. 1890, p. 418 ; xv. 1892, p. 85 ; and Congr, 

internat. Zool. ii. 1892, pt. i. p. 258. 
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measurement given for it by \Yestwood ^ being a length of of a 

millimetre—about of an inch. Mr. Enoch has recently 

examined M'’est\vood’s type in the Museum at Oxfoi’d, and from 

Ids information we may conclude that this Insect is probably 

tlie same as Alcq^tus f uscidus Hal., and that the measurement 

mentioned by AVestwood is erroneous, the Insect being really 

aljout lialf a millimetre long. The Mymarides are, however, 

very minute, some of them not exceeding one-third of a milli¬ 

metre in length. Whether any of them are smaller than the 

beetles of the family Trichopterygidae, some of which are only 

one-fourth of a millimetre long, may be doubted. 

The Mymarides are recognisable by their very minute size, 

and by their pecidiar wings. These are .slender, destitute of 

nervures, fringed with long, delicate hairs, and stalked at the 

Imse. Probably Mymarides may all prove to be dwellers in eggs 

of other Insects. The group is remarkable from the fact that it 

contains some of the very few Hymenoptera with acpiatic habits. 

Two species were discovered in their winged condition in the 

water of a pond near London by Sir John Lubbock^; one of 

them—Polynevia natans Lubbock—probably, according to Mr. 

Enock, the same as Caraphractus cinctus Hal., uses its wings 

freely for swimming under water, while the other—Prestvncliia 

aquatica—performs this operation by the aid of its legs. This 

latter Insect seems to be very anomalous, and its position quite 

doubtful. The embryogeny of Polynema is very peculiar, and 

takes place in the egg of a dragon-lly—Calepteryx, virgo—under 

water. According to Ganin,® in the earliest stages the develop¬ 

ments of the embryos of the Calepteryx and of the Polynema 

progress simultaneously, but that of the dragou-tiy does not pro¬ 

ceed l)eyond the formation of the ventral plate. The Polynema 

appears to leave its own egg at an extremely early stage of the 

embryonic development. It would a}»pear, in fact, that there is 

no dehnite distinction between embryonic and larval stages. 

The informaticm given by Ganin leads to the conclusion that a 

com})lete study of this remarkable mode of development is 

necessary before forming any general ideas as to the nature of 

Insect embryogeny and metamorpliosis. 

^ Tr. Linn. Soc. (2) Zoot. i. 1878, i>. 587. 

^ Tr. Linn. Loc. xxiv. 1863, p. 135. ^ Zcitschr. wiss. Zool. xix. 1869, p. 417. 
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Fam. III. Chalcididae. 

Fronotum with some freedom of movement, its angles not extend¬ 

ing to the insertion of the front wings. Antennae elhovjed, 

consisting of from seven to thirteen joints. Wings without 

a system of cells ; with a single definite nervure gnoceeding 

from the hase near the front margin, or costa; afterwards 

glassing to the costa, and giving off a very short vein more or 

less tliichened at its termination. The species are, with few 

exceptions, of parasitic hcibits. 

The Insects of this family—the Pteromalini of Eatzehurg— 

are frequently of brilliant colours and of remarkable form; the 

species are very numerous, some 4000 or more having already 

been described. Of this number nearly 3000 are European, 

and as there is good reason for supposing that Chalcididae are 

quite as numerous in the Tropics and in the ISTew World as they 

are in Europe, the family will probably prove to be one of the 

largest in the class. About twenty sub-families have already been 

proposed for the classification of the group; they are based 

chiefly on the numlier of joints in the tarsi, and the details of 

the antennae and of the ovi¬ 

positor.. This latter exhibits 

great variety in external ap¬ 

pearance, due chiefly to the 

modification in form of the 

basal, or of the following ven¬ 

tral abdominal plates, one or 

more of which may be pro¬ 

longed and altered in form or 

direction, giving rise in this 

way to considera1:)le diversity 

in the shape of the abdomen. 

Correlative with this is a 

great variety in the mode 

of parasitism of the larva. 

Many live in galls, feeding on 

Fig. 355. — Eurytoma ahrotan!, male. 
Britfiiii. Hyper-para.site through Micro- 
gaster of Lgjaris dis^mr, and according 
to Cameron, parasite of Rhndites rimie 
and other gall-flies in Britain. x 10. 
(After Eatzeburg.) 

the larvae of the makers of the galls or on those of the inquilines ; 

others attack caterpillars, others pupae only; some flourish at 

the expense of bees or other Hymenoptera, or of Coccidae 
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and Aphididae, and some deposit their eggs in the egg-cases of 

Blattidae. The details of the life-history are well known in 

only a few cases. 
The career of Lmcospis gigas has been investigated by Tahre, 

and exhibits a very remarkable form of hypermetamorphosis.^ 

This Insect is of comparatively 

large size and of vivid colours, 

wasp-like, black contrasting with 

yellow, as in the case of the 

wasps; and like these it has the 

wings folded or doubled. The 

female bears a long ovipositor, 

which by a peculiar modiheation 

is packed in a groove on the 

back of the Insect. This species 

lives in Southern Europe at the expense of Chcdicodoma muraria, 

a mason-bee that forms cells of a hard cement for its nest, the 

cells being placed together in masses of considerable size ; each cell 

contains, or rather should contain, a larva of the bee, and is closed 

by masonry, in the construction of which the bee displays much 

ability. It is the mission of the Leucospis to penetrate the 

masonry by means of its ovipositor, and to deposit an egg in the 

cell of the bee. The period chosen for this predatory attack is 

the end of July or the beginning of August, at which time the 

bee-larva is in the torpid and powerless condition that precedes 

its assumption of the pupal state. The Zeucospis, walking about 

leisurely and circumspectly on the masonry of the nest, tests it 

repeatedly by touching with the tips of the antennae, for it is 

most important that a proper spot should he selected. The bee’s 

cell is placed in a mass of solid masonry, a considerable pait— 

Init a part only—of whose area is occupied by the gioup of cells ; 

every cell is closed by hard mortar, making an uneven surface, 

and the face of the masonry is rendered more even by a layer of 

hardened clay outside the rougher material; it is the task of the 

Leucospis to detect a suitable spot, in the apparently uniform 

external covering, and there to effect the penetration so as to 

introduce an egg into a cell. By what sensations the fly may 

Ije guided is unknown. After a spot has been selected and the 

ovipositor brought into play, the masonry is ultimately pierced 

^ Souvenirs cntomologiqucs. Troisihne serie, 1886, p. 155. 

Fig. 356.—Leucospis gigas, female. 
Gibraltar. 
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by patient work; sometimes a cpiarter of an honr is sufficient for 

the purpose, but in other cases three hours of uninterrupted 

effort are required before the end is attained. Fabre expended 

much time in watching this operation, and after the Insect had 

completed it, he marked with a pencil the exact spot of the 

masonry that was penetrated, and the date on which it was done, 

and he states that he afterwards found that without any excep¬ 

tion a proper spot had been selected, and a cell consequently 

penetrated. Admirable as the instinct of the parasite appears 

from this point of view, it is nevertheless accompanied by a 

remarkable deficiency in two other respects. The first is that 

though the spot selected by the Lemospis invariahly gives 

entrance to a cell, yet in the majority of the cases the selected 

cell is not a suitable one; a large number of the cells of the 

Chalicodoma are not occupied by living larvae on the point of 

pupation—though in that case only can the egg of the Lmcospis 

hatch and successfully develop—but by dead and shrivelled 

larvae, or by mouldy or dried-up food. And yet, in each case of 

penetration, Fabre believes that an egg is deposited, even though 

it may be impossible that it can undergo a successful develop¬ 

ment. Strange as this may appear, it is nevertheless rendered 

less improbable by the second deficiency in the instinct of the 

parasite. The Insect has no power of recognising a cell that 

lias been previously pierced either by itself or by another of its 

species. One bee larva can only supply nourishment for a single 

larva of the parasite, and yet it is a common occurrence for a 

cell to be revisited, pierced again and another egg introduced; 

indeed Fabre, by means of the cells he had marked, was able to 

assure himself that it is no uncommon thing for this to be done 

four times; four eggs, in fact, are sometimes deposited in a cell 

that cannot by any possibility supply food for more than one 

larr-a. The egg of the Leucospis is a curious object (Fig. 351, 

A), very elongate oval, with one end drawn out and bent so as 

to form a hook; it is not placed at random in the cell of the bee, 

bnt is suspended on the delicate cocoon with which the Cludico- 

dorna larva is surrounded at the period of pupation. labre 

allowed sufficient time to elapse for the hatching of the larvae 

from the eggs, and then opened some cells where Leucospis eggs 

had been deposited, in order to obtain the larvae; when doing 

this he was surprised that he never found more than one Leu- 
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cosiiis larva in a cell. Even in cells where he had observed 

more than one act of oviposition, and winch he had marked at 

the time, only one larva existed. This induced him to think 

tliat it was possilde that no egg was deposited by the Leucosjns 

at the second penetration. He accordingly examined cells soon 

after the eggs were laid, and thus discovered some that contained 

more than one —indeed in one cell he oljserved no less than 

Hve eggs suspended from the cocoon of the CJialicodoma ; he was 

also able to demonstrate that eggs were actually deposited in some 

cells that contained no means of support for the larva. How then 

could these two facts he reconciled—four or five eggs deposited in 

a cell, only one larva present afterwards ? It is of course impos¬ 

sible to observe the operations of a larva shrouded in the obscurity 

of a cell formed of masonry, so he transferred some bee larvae 

with their destructive companions to glass tubes, in which he was 

able to note what took place. He found that the egg deposited 

by the Zeucosjjis hatches and produces a very peculiar larva, 

having little resemblance to the Leucosjns larva that he had found 

eating the Chcdicodoma larva. The primary larva (Fig. 35 7, B) 

of the Leucospis is an arched worm, moderately deeply segmented, 

a millimetre or a little more in length, with a remarkably large 

and abruptly-defined head. The body bears 

erect setae, the most remarkable of which 

are a pair on the ventral aspect of each of 

the segments, each of these ventral setae 

being borne on a small conical prominence. 

These prominences and setae serve as ambu¬ 

latory organs, and are supplemented in their 

function by a protuberance at the posterior 

extremity. The little creature has consider- 

al)le powers of locomotion ; it moves, after 

the fashion of many other larvae, l)y con¬ 

tracting and arching the body so as to bring 

the posterior part nearer to the anterior; 

then fixing the hinder part, the anterior is extended and fixed, the 

po.sterior l)eing again brought nearer to the front. The Leucospis 

larva when hatched does not at once attack the bee larva which is 

to be its future food, but every few hours makes excursions over 

its .surface, and even explores the walls of the cell; returning, 

liowever, always to the cocoon for repose. The object of these 

Fio. 357.—Leucospis gigas. 
A, Egg ; B, primary, 
C, .secondary larva. 
(After Fabre.) 
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excursions is, Fabre believes, to ascertain if another Xe^cosp-is egg 

has been laid in the cell, and in that case to destroy it. For 

the food, as we have said, being only enough for one larva, and 

the mother Leucospis frequently laying more than one egg in a 

cell, it is necessary that all the eggs except one should be destroyed. 

Fabre did not actually observe the act of destruction, but he 

found repeatedly in his glass tubes that the supernumerary eggs 

were destroyed, being, in fact, wounded by the mandibles of the 

lirst-hatched larva. After several days of this wandering life 

the tiny destroyer undergoes a first moult, changing its skin 

and appearing as a very different creature (Fig. 357, C); it 

is now completely destitute of any means of locomotion, very 

deeply segmented, curved at one extremity, with a very small 

head, bearing extremely minute, scarcely perceptible, mandibles. 

The sole object of its existence in this state is to extract the 

contents of the Chcdicodoma larva, and appropriate this material 

to the purposes of its own organisation. This it accomplishes 

not by wounding, tearing, or destroying the larva, for that ap¬ 

parently would not answer the purpose; the contents must be 

conveyed while still in their vital state to itself; and this it 

effects by applying its mouth to the extremely delicate skin of 

the victim, the contents of whose body then gradually pass to 

the destroyer, without any visible destruction of the continuity 

<jf the integument. Thus the Leucospis larva gradually grows, 

while the bee larva shrinks and shrivels, without, however, 

actually suffering death. The process of emptying the bee larva 

apparently does not occupy the Leucospis more than two or three 

weeks, being completed by about the middle of the month of 

August; afterwards the larva remains in the cell by the side of 

the shrivelled skin of its victim for ten or eleven months, at the 

end of which time it assumes the pupal condition, and very 

.shortly thereafter appears as a perfect Insect. 
Monodontomerus cupreus is another member of the Chalcididae 

that lives parasitically at the expense of bees of the genus Ghali- 

codoma. Its habits have been sketched by Fabre/ and exhibit 

considerable difference from those of Leucospis. It is much less 

in size, and can accommodate itself to a greater variety of food; 

it will, in fact, eat not only the larva of Chalicodoma, but also 

that of another bee, of the genus Stelis, that is frequently found 

’ Souvenirs entomologiques. Troisimie serie, 1886, p. 179. 
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shut up in the cell of the Chcdicodoma, at whose expense the 

Stelis also lives parasitically. The Monodontomerus bores a hole 

through the masonry of the bee and deposits its eggs in the cell 

after the fashion of the Leucospis; one bee larva is, however, 

sutiicient food for several individuals of the young of this smaller 

parasite. There is no hypermetamorphosis, the early larval 

condition resembling the later. This Insect attacks not only 

Chcdicodoyna and Stelis, as already mentioned, but also other bees ; 

and a single larva of some of the larger kinds will afford sufficient 

food for fifty young of the Monodontomerus. They feed on the 

bee larva, as the Leucospis does, without wounding it. This fly 

has the power of recognising what is suitable provender for its 

young by the use of the antennae, even when the conditions are 

so changed that it is clear the sense of sight has nothing to do 

with the recognition. Fabre relates that he had extracted a 

number of the bee larvae from their cells of masonry, and that 

as they were lying on his table enclosed in their cocoons, the 

Monodontomerus recognised the latter as containing the desired 

provender for its young by examining them with its antennae : 

after which, without hesitation, the Monodontomerus pierced the 

cocoon with its ovipositor and deposited the eggs in a suitalde 

position. This observation, together with those made on Leucospis, 

seem to indicate that it is neither by sight nor smell that these 

Insects discover the desired object, but by some sense we do not 

understand, though its seat is clearly in the antennae of the 

Insect. 

Newport discovered a Monodontomerus, which he described 

as M. nitidus} in the cells of the bee Anthopliora retusa, and 

demonstrated that the alimentary canal, as is usual in Petiolate 

Hymenoptera, is closed behind until the Insect is about to enter 

the pupal state, when it becomes perforated and faecal matters 

are for the first time passed from it. “ These matters were com¬ 

posed of the refuse of digestion and of epithelial cells accumulated 

during the period of feeding, and retained in the digestive sac 

until the period of its perforation. In this way the food and 

abode of the Insects are maintained pure and uncontaminated, 

and the digestive apparatus is completed, and the refuse of 

nutrition ejected only when the whole of the food has been 
consumed.” 

' 2V. Linn. Soc. .xxi. 1855, p. 67. 
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In the cells of the same bee Newport discovered another 

curious parasitic Chalcid, Antliophorahia retusa} The male has 

short wings, and the compound eye is replaced by an ocellus 

on each side of the head, the female having fully developed 

wings and eyes. A variation may occur in the metamorphosis 

of this Insect, inasmuch as when the growth is completed during 

the month of August, the Insect changes to a pupa, the imago 

appears ten or twelve days thereafter, and the perfect Insect then 

hibernates for seven or eight months; but should the completion 

of growth he deferred till after the end of August, hibernation 

takes place in the larval condition. A large and brilliant Chalcid 

Eiicharis myrmeciae, has been described by Cameron as preying 

on the formidable Australian ants of the genus Myrmecia. 

The development of Smicrct davipes has been partially de¬ 

scribed by Henneguy.^ This Insect lives in the interior of the 

aquatic larva of Stratiomys striyosa, a Dipterous Insect. As 

many as fifty eggs of the parasite are found in one larva, hut a 

large number of embryos die during development, so that he has 

never found more than two or three well-grown larvae in one 

Stratiomys larva. It has been ascertained that the eggs of many 

of these parasitic Insects are deficient in yolk, and the ovum of 

Smicra is said to obtain the nutritive materials necessary for 

the development of the embryo from the blood of its host by 

eudosmosis. Tor a long time after tire assumption of the larval 

condition, the larva appears to nourish itself only at the expense 

of the blood of its host. The segmentation of the ovum is total, 

and a single embryonic membrane appears at an early period, 

before the formation of the embryo, by a process very different 

from that giving origin to the amnion of the majority of 

Insects. 
A very interesting sketch of the development of Encyrtiis 

fuscicollis has been given by Bugnion.® This small parasite 

passes its earlier stages in the interior of the larva of Hypono- 

meuta cognatella or other Lepidoptera. The female Encyrtus 

deposits her eggs in the interior of a caterpillar, in the form ol 

a series of o 0 to 100 or more eggs enclosed in a sac; the origin 

^ According to Ashmead, P. ent. Soc. WasMngton, ii. 1893, p. 228, this genus 

should take the name of Melittohia. 

2 Ann. Nat. Hist. (6) x. 1892, p. 271. 
3 Pm. Zool. Suisse, v. 1891, pp. 435-534. Cf. Koulaguine, Concjr. intcrnat. Zool. 

ii. 1892, pt. i. p. 265. 
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of the sac is obscure, liut the emljryonic development and the 

early part of the larval life are passed in the sac, which contains 

a supply of nutritive matter. Tlie larvae of the EncyrfALS are 

at first entirely confined to this sac, hut when they have con¬ 

sumed all the nutritive matter in it, they leave it and pass the 

remainder of their larval and pupal existence in the body-cavity 

of the caterpillar. They live at first on the lymph (blood) of 

the Insect, and apparently do it no harm; nevertheless the 

strength of the caterpillar is so much enfeebled that it fails 

to undergo the transformation to a pu])a; the parasites then 

devour its interior, and use the empty skin as a nidus for their 

own pupation ; they form cocoons which divide the area into com¬ 

partments. Usually the individuals disclosed from one Hxyyono- 

meuta are all of one sex, which may he either male or female. 

Unfortunately the most interesting points of this development, 

viz. the history of the common sac for the larvae, the nature of 

the eggs, the earlier embryonic stages, and the nutriment in the 

sac, are still without elucidation. The account given by Bugnion 

raises a great desire for information on these points. 

We have in a previous page described the remarkable mode 

of oviposition of Mantis. Captain Xamheu ^ has made a very 

curious observation to the effect that a minute Chalcid, Podagrion 

(Palmon) shelters itself under the wings of the 

Mantis so as to he in a position to oviposit in tlie eggs of the 

latter when it shall he forming its peculiar ootheca. 

The genus Isosoma consists of Insects that differ in habits 

from their congeners, being phytophagous instead of parasitic. 

I. tritici and I. liordei live in the stalks of corn, and in Xorth 

America, where they are known to the agriculturist as joint- 

worms, are fre(|uently very injurious to crops. They are some¬ 

times obtained in large numbers without any males appearing, and 

a wingless as well as a winged form of the female occurs. Owing 

to the fact that the allies of these Insects are parasitic, it has 

Ijeeii frequently maintained that this may also prove to he the 

case with Isosoma, hut the observations of Eiley ^ and others leave 

no doubt that the Insects of this genus are really plant- 
feeders. 

^ Bull. Soc. Ent. France (5) vii. 1877, ]». Ixix. ; also Andre, Feuille Katural, vii. 
1877, }i. 136, and Riley and Howard, Insect Life, iv. 1892, p. 242. 

- Insect Life, i. 1888, p. 121. 
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Ptiley has called attention ^ to some facts in connection with 

I. tritici and I. grande, that make it clear that these two supposed 

species are really alternate generations, and that both generations 

are probably in larger part, if not entirely, parthenogenetic. 

Some species of the genus Megastigimis are known to be of 

phytophagous hahits7 

The most interesting of all the forms of Chalcididae are 
O 

perhaps those called fig-insects. A considerable number of species 

are now known, and amongst them we meet with the unusual 

phenomenon of species with wingless males, the females possessing 

the organs of flight normally developed. The wingless males 

exhibit the strangest forms, and bear no resemblance whatever to 

their more legitimately formed partners (Fig. 358, A, B). Many 

of the fig-insects belong to a special group called Agaonides. 

Others belong to the group Torymides, which contains likewise 

many Chalcididae of an ordinary kind; possibly some of these 

may be parasitic on the Agaonides. Some of these Torymid fig- 

insects have winged males, as is normal in the family, but in 

other cases winged and wing¬ 

less forms of the male of one 

species may be present. 

The most notorious of these 

hg-Insects is the one known 

as Blastofhaga grossorum (Pig. 

358), this being the chief agent 

in the custom known ,as capri- 

fication of the cidtivated fig- 

tree. This process has been 

practised from time immemorial, 

and is at the present day still 

carried on in Italy and the 

Grecian archipelago. The Greek 

wu’iters who describe it say that no. 358. 

the wild fig-tree, though it does 

not ripen its own fruit, is ab- 

Elastopliaga grossoruvi. A, 
Male, X 22 ; B, female, x 15. (After 
Mayer, Mitt. Stat. Neapel, ill. 1882.) 

solutely essential for the perfection of the fruit of the cultivated 

fio’. In accordance with this view, branches from the wild fig 
O 

1 RciJort of the Entomologist, Bep. Agriculture, Washington, 1886, p. 542. 

2 Waclitl, Wien. ent. Zcit. xii. 1893, p. 24, and Howard, F.U.S. Nat. Mas. xiv. 

1892, p. 586. 
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are still gathered at certain seasons and suspended amongst the 

branches of the cultivated fig-trees. The young fig is a very 

remarkable vegetable production, consisting of a hollow, fleshy 

receptacle, in which are placed the extremely numerous and 

minute flowers, the only admission to which is by a small oriflce 

at the blunt end of the young fig; this orifice is lined with pro¬ 

jecting scales, that more or less completely fill it up or close it; 

nevertheless inside this fruit the BlastoiJhciga cjrossorum develops 

in large numbers. The males are, as we have seen, wingless 

creatures, and do not leave the fruit in which they were bred, 

but the females make their way out of the wild fig, and some 

of them, it is believed, enter the young fruit of the cultivated 

trees and lay their eggs, or attempt to do so, therein; and it 

has been supposed by various writers that these proceedings are 

essential to the satisfactory development of the edible fruit. It 

is a curious fact that the Blastopliaga develops very freely in 

the wild fig—so much so, indeed, as to he a means of preventing 

it from coming to maturity ; hut yet the Insect cannot complete 

its development in the cultivated fruit. This is due to the fact 

that the fly must lay its egg in a particular part of the fig- 

ovule, so that when the egg hatches the larva may have a proper 

supply of food. In the cultivated fig the structure of the flower 

differs somewhat from that of the capriflcus, as the wild fig is 

called, and so the egg, if deposited at all, does not reach a proper 

nidus for its development. Hence the Blastopliaga can never live 

exclusively on the cultivated fig, and if it he really necessary for 

the development of the latter, must he brought thereto hy means 

of the caprifig. Whether the Blastopliaga he really of use, as has 

been for so long supposed, is, however, a matter for doubt. The 

reasons for this are (1) that those who think caprification bene¬ 

ficial do not agree as to the mode in which they suppose it to he 

so; (2) that there is hut little reason for believing that when 

introduced amongst the cultivated figs the Blastopiltaga occupies 

itself to any great extent therewith; and (3) that in some parts 

of the world caprification is not performed, hut the cultivated fig 

nevertheless ripens its fruit there. Hence many writers on the 

subject—Solms-Lauhach,^ IMayer," and Saunders®—entertain con¬ 

siderable doubt as to whether caprification is at present anything 

* Abh. Gcs. Gottingen, xxviii. 1882. ^ Xcapcl, iii. 1882, p. 55. 

® Tr. cut. Soc. London, 1883. ji. 389. 
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more than an old custom destitute of practical utility. On the 

other hand, Eiley states ^ “ that the perfect Smyrna fig, the most 

esteemed of the edible species, can be produced only l)y the 

intervention of the Blastoflmga fsems [gTOssoTuml.” 

Although the questions connected with the effect the Blasto- 

pliaga is supposed to produce on the fruit are of a botanical 

rather than a entomological nature, we may briefly say that two 

views have been held: (1) that, as in the fruit of the cultivated 

fig, only female flowers are produced, the Blastopliaga is necessary 

for their fertilisation and the subsequent development of the 

fruit; (2) that the Insects stimulate the fig by biting parts 

thereof or by burrowing in it, and so give rise to the processes 

that have as their result the edible fruit. There seems to be 

little doubt that the Insect agency is necessary to the fertilisa¬ 

tion of some species of figs. Cunningham, who has recently 

carried out an elaborate investigation as to the fertilisation 

of Ficus roxhurgliii^ concludes that in this fig, and probably 

also in other kinds, the perfect development is dependent on 

the access of the fig-insects to the interior of the receptacular 

cavity. Should access fail to occur, both male and female 

flowers abort, without the formation of pollen grains by the 

former or seeds by the latter. The access of the Blastopliaga is 

thus as necessary for the perfect evolution of the normal male 

and female flowers as it is for that of the modified ? or gall- 

flowers, with their contained ova and Insect-embryos. Whether 

the successful fertilisation of the flowers is really essential to the 

production of the edible fig is not a question for our discussion. 

Fig-Insects are apparently more numerous in South America 

than they are in any other part of the world; and Fritz-Muller 

has discovered ^ a number of species there of a very extraordinary 

character, several of them possessing two forms of the male, one 

winged like the female, the other wingless and so different in 

character that they were considered to belong to a different genus. 

The wingless male of a species found in Madagascar, Kradihia 

coicani, has the peculiarity of possessing only four legs, the middle 

pair being represented merely by minute two-jointed rudiments. 

Some of these Insects live in galls on the figs. The fig-insects 

^ P. Mol. Soc. Washington, vii. 1892, p. 99. 

- Ann. Botan. Garden, Calcutta, i. 1889, Appendix L. 
^ P. ent. Soc. London, 1886, p. x. 
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were formerly considered to l)elong to the Proctotrypidae or to 

the Cyuipidae (gall-makers), Imt there can he no doubt, not¬ 

withstanding they differ so much in their haljits from the para¬ 

sitic Chalcididae, that they proljably belong to the same family. 

If treated as different from Chalcididae, they should Ije separated 

as a distinct family rather than imited with the Cynipidae.^ 

It is impossible for us to do more than allude to the extra¬ 

ordinary shapes exhilnted l)y some 

Chalcididae. The genus Tliorucantha 

is specially remarkable in this respect. 

T. latreillei is said to resemble a beetle 

\ of the family Mordellidae, and has the 

y wings concealed by false wing-case.s— 

^ really projections from the thorax—so 
Pig. 3,59.—Thm-acantha latreillei. that from above the Insect bears no 

aspect. (After Waterhouse.) resemblance to the other Insects ot the 
Order it really belongs to. 

Howard has called attention to some peculiarities in the 

pupation of Chalcididae.^ Like the Cynipidae, they do not make 

a silken cocoon, but some of them that change to pupae inside 

the victims on which they were nourished have the power of 

forming oval cells in which to undergo their transformation, 

and they thus cause a peculiar inflation of the skin of their de¬ 

ceased victim, which after death still continues to serve as a 

protection to the destroyers. The statement made Iiy Haliday, 

and repeated subsequently in various works, to the effect that 

Coryna spins a cocoon under the Ayiliis in which it has lived, is 

an error, the cocoon being really formed by Praon, a Braconid 

that is a parasite of the A2)his, and on which the Chalcid Pachy- 

crepis {Coryna) lives as a hyperparasite. The pupae of some 

species differ from those of other Ilymenoptera, in that the 

integument is hard, and the limbs are soldered to the body as in 

Lepidoptera. These forms ])upate external to the victim. 

Fritz IMidler has recorded that the pupa of an unnamed species 

of Chalcid that attacks a Brazilian ant (Aztecct instahilis Forel) 

is suspended on the wall of the cell the ant lives in by its 

posterior extremity, just like the chrysalis of a butterlly. 

^ For ii systematic memoir refer to Mayr, T~cr/i. xool.-bof. Gcs. IVicn, xxxv. 1885, 
p. 117, etc. 

'■* Insect Life, iv. 1891, p. 193. 
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ISTotwithstanding the small size of Chalciclidae, their remains 

have been detected in the tertiary strata of both Europe and 

hlorth America. 

Fam. IV. Ichneumonidae (Ichneumon-flies). 

Wings until a icell-developed series of nerinires and cells; the 

space on the front U'ing sepcvrating the second posterior cell 

from the cubital cells is divided into hoo cells by a transverse 

veinlet. The nhdomen is attached to the lower or posterior 

part of the median segment. Larvae 2}arasitic in habits. 

The Ichneumonidae form a family of enormous extent, con¬ 

taining nearly 6000 described species. The study of the family 

is hut little advanced, owing to their parasitic habits and to 

this bewildering multiplicity in their 

specific forms. Most of the species, in the 

larval state, live inside the larvae of Lepi- 

doptera, and they thus keep the myriads 

of caterpillars within bounds, the number 

of these destroyed by Ichneumons being 

prodigious. Some of the family are, 

however, external parasites, and some are 

known to attack Spiders and Insects of 

other Orders than Lepidoptera. Their 

antennae are not elbowed and are many- 

jointed, the joints being closely compacted, 

especially towards the extremity. This 

character readily distinguishes Ichneu¬ 

monidae from the families we have 

previously considered. The ocelli are 

well developed even in the apterous forms, 

and are placed in a triangular position on the vertex. The pro- 

notum is small in front; and extends liackwards at the sides to 

the points of insertion of the front wings; it is fixed to the 

mesondturn. The wings (Fig. 367, A) have a more complex 

neuration than those of most of the other parasitic Hymenoptera, 

but are occasionally absent in one or both sexes of a species. The 

metathorax is very small, and the middle and hind legs are 

placed close together. The propodeum is very large, and is 

Fig. 360.—Lissonota setosa, 9. 
Britain. Parasite of tlie 
goat - moth, etc. (After 
Ratzebiirg.) 
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frequently covered with a highly-developed sculpture. The hind 

body springs from the lower part of tlie propodeuin; it is usually 

of slender form, and its segmentation is very conspicuous. The 

females hear an ovip(.)sitor, which differs greatly in length accord¬ 

ing to the species, and is known in the case of one species to 

attain a length six times that of the whole of the rest of the 

bodyd The egg is deposited by some species on the skin, by 

others within the l)ody of the victim ; it varies much in form and 

colour, some eggs being stalked and of peculiar shape. The 

larvae issuing from the eggs are legless maggots with a delicate 

integument of pallid white or creamy colour. If the eggs are laid 

on the surface of the body, the result¬ 

ing larvae (except in the cases of the 

external parasites) soon bore into the 

interior of their victim, and disappear 

therein. The changes that take place 

in the lifetime of the larvae have 

been studied in only a few cases; but 

if we can judge from Eatzeburg’s 

history ^ of the changes that take 

place in Anomnlon, they are of great 

interest. From observation of the 

differences existing amongst a great 

number of larvae of A. circiunjie.cum 

he distinguished four stages. It is of 

course impossible to follow directly 

the growth of one individual, be¬ 

cause it is concealed in the interior 

of the caterpillar in which it lives, 

and to open this involves the death 

of both caterpillar and Ichneumon- 
Fig. — Anomaion circum- The life history must therefore 

larval development. 
(After Ratzeimrg.) A, Fir.st be constructed from a great number of 
iiistfir ; B, Kecoud in.star ; C, the .. i -j. ■ i. 
Larva in the third or encysted separate observations; and It IS not 
stage extracted from its cyst; ascertained that the four instars de- 
D, tile mature larva ; E, rniija. -i i i iv i , 

scribed by Eatzebiirg represent the 

nunil)er of moults of the larva that actually take place. He, 

however, entertained no doubt that all the forms he observed 

‘ Tosi-iuiiiet, ^Lnn. Soc. cnt. Belgique, xxxviii. 1894, p. 694. 

' Ichiwum. Forst. Ins. 1844, p.'81. 
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were stages iu the development of one species. In the earliest 

stage, when only one millimetre in length and about as thick 

as a horse-hair, the larva is free in tho interior of the cater¬ 

pillar’s body, and has a small head armed only with a pair of 

mandibles. There are, in addition to the head, thirteen segments, 

and the last of these is an elongate tail forming nearly one- 

half the length of the creature. No trace of tracheae can he 

discovered. In the second stage the larva is still free, an elon¬ 

gate tracheal tube exists, the tail has diminished to half the 

length, the head has become much larger, and rudimentary 

antennae of one joint are visible; possibly stigmata are present 

at this stage, though they cannot afterwards he detected. In 

the third stage (Tig. 361, C) the larva is encysted, the head is 

large, the parts of the mouth are all developed, the tracheal 

system is extensive, and the caudal termination of the body is cpiite 

short; notwithstanding the extensive development of the tracheal 

system, no stigmata can be found. In the fourth stage the 

larva is still encysted, the tail has disappeared, the head and 

mouth parts are reduced in size and development, and the creature 

has now the appearance of a normal larva. The changes to pupa 

and perfect Insect take place within the body of the victim, in 

some cases, if not usually, after it has undergone its metamor¬ 

phosis into a chrysalis. Very little information is extant as to 

the duration of the various stages, but it appears to be the rule 

that only one generation appears annually, though in some cases 

there are pretty certainly two. 

It is very difficult to observe the act of oviposition; the 

Ichneumon-flies usually decline to notice caterpillars with which 

they are placed in confinement. Eatzeburg thinks they will only 

attack caterpillars tliat are in a deficient state of liealth or vitality. 

Occasionally we may by a happy chance observe the act in 

Insects at large, and from the records of observers it may be 

deduced with tolerable certainty that the sense of sight takes no 

part in the operation. Eatzeburg relates that he saw a Fiiiqila 

alight on a leaf of 'llhus and thrust its ovipositor through the 

leaf On looking to the under-side of the leaf he found that a 

cocoon of Bombyx neustria was concealed there in such a position 

that it could not have been seen by the Ichneumon. 

Among the most remarkable of the Ichneumon-flies are the 

Insects of the genera PJiyssa and Thalessa. These fine’ Insects 
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liave an ovipositor three or four inches in length, and are parasitic 

on species of the family Siricidae, which, as we have previously 

described, live in solid wood. In order tlierefore to deposit 

tlie egg in a snitalde place, the wood must be pierced l)y the 

Ichneumon. The ovipositor is not only of extreme length, Init is 

also furnished with serrations on its apical part, so that it forms a 

very effective boring apparatus. It is Ijrought into use Ijy being 

l)ent on itself over the hack of the Insect (Fig. 362), so as to bring 

tlie tip vertically down on to the wood, through which it is then 

forced by a series of efforts; the sheaths do not enter the wood. 

The egg is laid anywhere in the burrow of the Sirex ; the young 

larva seeks its prey, and lives on it as an external parasite (Fig. 

342, D). Erne, however, states^ that the young larva of Rlujssa 

2')ersuasoria enters its victim, and remains within the latter till its 

death occurs. This happens 

when the young Rhyssa is 

two or three lines in length, 

and it then makes its exit from 

the interior of the body and 

gradually eats it up. Should 

the larva it has attacked be of 

large size, it of itself affords 

sufficient food for the comple¬ 

tion of the growth of the 

Rhyssa. Should the Rhyssa, 

however, have attacked a small 

larva, this does not furnish it 

with sufficient food, and it con¬ 

sequently dies without seeking 

another larva. Erne savs, 

indeed, that it will not eat 

another if offered to it, so that 

Fig. 3o2.—ThaJessn luiuitor. Ovipo.sitioii. 
(After Riley.) 

in order to rear the Rhyssa in captivity, the victim it has first 

attacked must always be given to it. The same ol)server states 

that the Rhyssa larva is sometimes transported liy the Sirex 

dee]) into tlie wood, so that when it has completed its nietamor- 

])h()ses the Ichnenmon-Hy may find itself buried in solid wood to 

a deptli of al)out two inches. In that case it excavates the wood 

with its mandibles, and should it fail to gain the exterior after 

* Mitt, schweizer. cut. Gcs. iv. 1876, p. 518. 
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three days of work, it dies. In the case of Tlialessa it is stated 

that it sometimes bores into wood where there are no larvae, Imt 

Eiley thinks this erroneous; it is, on the other hand, certain 

that the Insect after penetrating the wood is frequently unable 

to withdraw the ovipositor, and consequently dies. 

Eackard has recorded,^ without mentioning the species, the 

oviposition of an Ichneumon of which the egg is deposited 

externally. It was placed on the head of the caterpillar, and 

speedily hatched; the young larva at once bored through the 

prothoracic segment of the victim, the head of the latter then 

became swollen, and covered the opening into the prothorax, made 

by the parasite. 

The history of an Ichneumon larva that feeds as an external 

parasite has been sketched by De Geer and Newport. The 

observations of the latter" refer to Faniscus virr/atns; he 

found small, shining, black bodies attached to the skin of the 

larva of a moth, Mamestra insi; these were the eggs of the 

Ichneumon. They are furnished with a short peduncle, which 

is implanted in the skin of the victim; the egg, according to De 

Geer, being retained more firmly l:)y the peduncle subsequently 

swelling, so as to form two knobs. The hatching takes 

place by the egg-shell splitting longitudinally, while from the 

split protrudes the little head of the destroying larva. This 

liecomes fixed to the caterpillar, from which the nutriment is 

to be drawn; the Faniscus larva does not, however, leave the 

egg-shell, but, on the contrary, 

becomes adherent to it, so that 

the parasite is in this manner 

fixed by the two ends to its 

victim. In fifteen days the 

parasite was full-grown, and had 

become half an inch in length. 

At first no tracheae were 

to lie seen, luit these were 

detected after the second day. 

times, and in a peculiar manner, \er}’ 

Fig. .363.—Young larva of Faniscus in 
po.'^itiou of feeding on the skin of Mniii- 
estra. (After Newport.) a, The egg¬ 

shell. 

(Moulting took place three 

different from that 

described by Katzeburg as occurring in the internal parasites 

(which, he states, change their very delicate skin by detaching it 

in almost imperceptible fragments). In the external parasite the 

1 Fifth Rep. U.R. Ent. Comm. 1890, p. 15. “ Tr. Linn. Soc. xxi. 1852, p. 71. 
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skin remains entire, and is shuffled down to the extremity of the 

l>ody, but cannot he completely detached owing to the anchoring 

of the posterior part of the b(jdy to the caterpillar ; the cast 

skins thus remain as envelopes to the posterior part of the body, 

viewport states that if the mouth of the parasite be detached, it 

usually cannot again seize hold of the victim, and consequently 

perishes. It is a curious tact that more eggs than one caterpillar 

can support are haldtnally placed on it, and some of the resulting 

larvae of necessity perish during the period of growth. I'oniton, 

who has recently made some additional observations on the 

development of Paniscus} says that if three larvae are close 

together, it is the middle one that perishes, and suggests 

that this is due to some simple physical condition. From 

Newport’s account it may be gathered that the Mamestra 

retains sufficient vitality to form its cocoon, and that the 

Paniscus larvae likewise construct their own cocoons within 

that of the Mamestra. In the case of Paniscus cephcdotes 

feeding on Dicranura vinula, Poulton relates that the latter died 

after the twelfth day of attack. The parasites, having relaxed 

their hold on the victim just previous to this event, then thrust 

their heads into the dead body, and devoured the larva, leaving 

only a dried and empty integument. These larvae span a loose 

sort of web in which to undergo their metamorphosis. In a 

natural state, however, they form cocoons inside the cocoon of 

the Dicrctnura. The period passed in the pupal condition was 

about four weeks. This parasite only attacks the Lepidopterons 

larva during the last stage of its existence as a larva, but the 

eggs may be laid on the victim in an earlier stage; and in such 

case De Geer has stated, and Ikmlton has confirmed the observa- 

ti(m, that though the larva sheds its skin it does not get rid of 
the eggs. 

The little Ichneumons of the genus Pezomachus are quite 

destitute of wings and somewhat resenilfie ants; they are 

common Insects in llritain. Gnly the female sex is known, and 

it is believed thaf tlie winged Ichneumons assigned to the genus 

Hemitchs—-of which no females are known—ai'e the males of 

PczDinaclius. Ihq_)e,ated efforts have been made to place this 

l)eyond doubt, but they have usually failed, for when a brood of 

these parasites is reared, the individiials generally prove to be 

' Tr. cut. Soc. London, 1886, p. 162, and 1887, p. 303. 
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either all Hemiteles or all Fezomaclms. It is to he hoped that 

this interesting case will he fully elucidated. 

Although the Ichiieumouidae are perhaps the most purely 

carnivorous of all the great families of Hymeiioptera, there is 

nevertheless reason for supposing that some of them can be 

nourished with vegetable substances during a part at any rate of 

the larval existence, Giraud and Cameron ^ having recorded observa¬ 

tions that lead to the conclusion that some species of the genus 

may inhabit galls and live on the substance, or juices 

thereof. 

Over 1200 species of Ichneunionidae are known to inhalht 

Britain, and there can be no doubt that this number will he 

increased as a result of further observation. Unfortunately no 

general work has yet been published on this department of our 

fauna, and the literature is very scattered.^ The species of 

iSTorth America have not received so nuich investigation as those 

of Europe, and the Ichneumon fauna of the tropics remains almost 

uninvestigated. Six sub-families are recognised: Agriotypides, 

Ichneumonides, Cryptides, Tryphonides, Pimplides, Ophionides. 

Of these the first is the most remarkable, as it consists of an 

Insect having aquatic habits. It 

has for long been known that the 

unique species Agriotypus armatus, a 

rare Insect in our islands, is in the 

habit of going under water and re¬ 

maining there for a considerable 

period, and it has now been satis¬ 

factorily ascertained that it does this 

for the purpose of laying its eggs in 

the larvae of Trichoptera.® The re¬ 

sultant larva lives inside the cases 
of svipcies of Silo Foi^ra etc It 364. — armatus, 01 species OI OUO, troeia, eic. ri Britain. (After Curtis.) 

undergoes a sort of hypernietamor- 

phosis, as its shape before assuming the pupal condition 

^ Ent. Month. Mag. xiii. 1877, p. 200. 

2 A catalogue, with references, of the British Ichneumoiiidae was published by 

the Entomological Society of London in 1872. Since then many additional species 

have been detected and recorded, by Mr. Bridgman and others, in the Transactions 

of the same Society. 

3 Ivlapdlek, Ent. Month. Mag. xxv. 1889, p. 339, and Arch. Landcsdurchforschung 

Bohnien, viii. No. 6, 1893, ]i. 53. 
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Fig. 365.—Metamorphosis of Agriotyims. (After Klapalek.) A, Larva ; B, suli-iiyniph ; 
C, case of the Silo with the string of attachment formed bj' Agriotypiis ; D, section 
of the case : -yi, operculum of case ; cocoon ; ag, pupa oi Agriotypiis ; e, exuvia 
of Agriotygnis ; w'-, wall of cocoon ; s, remains of Silo ; lo'-, closure of case. 

is very different to what it was previously. It changes to 

a pupa in.side the case of the Trichopteron in a cocoon attached 

to the walls of the case. Previous to making this, however, the 

Agriotypus forms a curious, elongate, string-like process attached 

to the anterior extremity of its cocoon. The use of this is 

unknown. Full information as to the life-history of this aquatic 

1 [ymenopterous larva, especially as to its respiratory functions. 

would be of great interest. The affinities of this remarkable 

Insect are still doubtful. It may probably prove to be between 
Proctotrypidae and Ichneumonidae. 

Peniains of Insects that may he referred with more or less 

certainty to Ichneumonidae have been found in some abundance 

in various tertiary strata both in Europe and (Xorth America, but 

nothing indicative of the existence of the family has yet been 
found in the older rocks. 

Fam. V. Braconidae—Supplementary Ichneumon-flies. 

Antennae with many {nearly always more than fifteen) joints, not 

(jenicidate. JJ inys with a moderate numhcr of cells, ivhich 

on tlie anid part of the front winy are more or less inijoer- 

ject, the anal (i.e. tlie second posterio}) cell hciny separated 

jruin the cnhital cells hy a large space in vAiich there is no 

cross-nervwre. Abdomen with but little mobility between the 

segments; tlee suture betiveen the second and third usually 
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absent, or obsolete. Larvae living farasitieally in—j^ossibly 
exceptionally outside—the bodies of larvae or pupae of Insects. 

Fig. 366. — Bracon pcdiiebrator, 
female. Europe. (After Ratze- 
burg.) 

Fig. 367.—Diagram of wing of Iclineu- 
monid (A) and of Bracouid (B). 1, 2, 
3, 4, series of cells extending across 
the \\ing ; a, b, divided cell of the 
lohneumonid wing, corresponding with 
a, the undivided cell of the Braconid 
wing. 

The Braconidae are the Ichneumones, or Ichneumonides, 
adsciti of the older Hymenopterists. They are extremely similar 
to the Ichiieiimonidae, hut the hind body has a much less degree 
of mobility of its segments, and there are some constant distinc¬ 
tions in the wings. Although there is a great deal of difference 
in the various forms of each of the two families, yet there are 
two points of distinction easily appreciated; the series of cells 
running across the wing (Fig. 367) being only three in the 
Ichneumonides (Fig. 367, A), but four in the Braconids (Fig. 367, 
B); besides this the space a of the Braconid wing is divided 
into two (a, b) in the Ichneumonid wing. A glance at these 
characters enables us at once to separate correctly the thousands 
of species of the two families. 

The habits of the Braconidae are similar to those of Ichneu- 
monidae, it being believed that all are parasites. Usually they 
attack larvae, but they are bred in great numbers from pupae, 
and even from iinagos of other Imsects. Elasmosovm is one 
of the few parasites known to attack ants. As many as 1200 
.specimens of Microgaster have been reared from a single Lepi- 
dopterous larva. Although such parasitism raises a feeling of 
repulsion, yet there is reason for supposing that there may be 
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little or no cruelty or acute suffering connected with this mode of 

life. The victim attacked is not eaten, the parasites in the in¬ 

terior taking in the lym})li of the caterpillar either by the mouth 

or by endosmosis, but not biting their host. The latter displays 

no sign of sickness, but eats voraciously, so that it serves merely 

as a sort of intermediary between the juices of the plant and the 

larvae inside itself It is only when the metamorphosis is at 

liand that the host sickens, but this does not always happen: 

parasitised larvae frecpiently change to pupae, and they may 

occasionally even become perfect Insects. Cases are known in 

which imagos have appeared with some of the small parasites 

embedded in some of the outer parts of their bodies. These 

cases are, however, very rare; in the enormous majority of 

instances the host is destroyed either when it is in the larval 

stage or before the pupa has advanced to any great extent on 

its metamorphosis to an imago. Particulars as to various species 

will be fmnd in the valuable work of Eatzeburg we have already 

referred to.^ Eeference may also be made to Goureau’s account 

of Microgaster glolxdusf this latter including some suggestions 

by Dr. Boisduval on some of the difficult physiological cpiestions 

involved in the lives of these parasites. 

The metamorphosis of Microgaster f idvipes has been studied 

by Eatzeburg, and an epitome of his observations is given by 

Marshall.® The larva goes through a series 

of changes somewhat similar to those we 

have already sketched in Anovudon cir- 

cumjlexuin. Usually these Insects after 

emerging from the body of their host spin 

a mass of cocoons more or less loosely 

connected together. A most curious case 

has, however, been recorded by Marshall ® 

of a stalked cocoon (Fig. 368) being 

Fxg. 368.—Stalked cocoon formed as an exceptional act by Apanteles 

(itteMlrtuuiO formosus. Mr. Marshall lias recently re¬ 
ceived other specimens of this cocoon as 

well as the Insects reared therefrom in France, and inclines to 

the opinion that the stalked cocoon may be the usual .form, and 

is sometimes departed from by the Insect for unknown reasons. 

' Ichiwum. Furst. Ins. 1844. “ Ann. Foe. cut. France (2), iii. 1845, ]). 355. 
■* Tr. hit. Foe. London, 1885, pp. 224, 219. 
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Antennae composed of ma%iy {thirty to seventy) joints ; hind body 

attached to the lower and posterior part of the median dorsal 

^ A monograph of the British Braconidae was commenced hy the Rev. T. A. 

ilarshall in 1885, and is still in progress, in the I’ransacfions of the Entomolopcal, 

Society of London; of. op. cit. 1885, 1887, 1889, 1891, 1894. 

VOL. V 2 0 

This family is of enormous extent; we have several hundred 

species of it in Britain,^ and there are no doubt many thou¬ 

sands of undescrihed exotic torms. To Apanteles glomeratus we 

are indebted for keeping our cabbages 'and kindred vegetables 

from destruction by the caterpillars of the white butterflies. 

The larvae of the various species of Picris, as well as those of 

other Lepidoptera, are attacked l)y this little Insect, the masses of 

whose cocoons may frequently he found in numbers in and near 

cabbage gardens. The tropi¬ 

cal species of Braconidae are 

greatly neglected, hut many 

large and remarkable forms 

—some of brilliant colours 

—have been brought from 

there, so that we are justified 

in believing that Insects ol' 

this family will prove to he 

very numerous. There are 

hut few apterous Braconidae. 

Both sexes of Chasmodon 

a.pterus are destitute of wings; 

tlie females of one species of 

Ppathius, and also those of 

Painholus a,Ya\. Chasmodon are 

apterous ; in a small number 

of species of various genera 

the wings are so minute as 

to he iiicapahle of serving as 

organs of flight. In the 

genus Alloea the wings of 
O O 

the male are shorter than 

those of the female. 

Fig. 369.—Stenophasmus ruficeps, female. 

Fam. VI. Stephanidae. isiiimis. (After westwooa.) 
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fUite,. Wings with a distinct costed celhde; head glohose, 

j^iosterior femora frequently toothed. 

This is a doubtful family, consisting of a few anomalous 

Insects. Schletterer assigns to it only two genera, Steqdianus and 

Stenoqdiasmus; ^ both have a wide distriljution over the world, 

though we have no species in Britain. Xothing is known of 

their habits, and they are apparently all very scarce Insects. 

The definition is compiled from those of Cameron and Schlet¬ 

terer. There seems very little to distinguish these Insects from 

Braconidae. 

Fam. VII. Megaljo-idae. 

Jfymenoqdera with short hroad hind body, ivhich is not separated 

by a pedicel from the thorax. The female has a tery long 

bristle-like ovipositor. Antennae with fourteen joints. 

This family is constituted by the Australian genus Megalyraj 

one of the most interesting of the numerous extraordinary Insect- 

forms found in that region ; the species appear to be very rare 

and not numerous. Apparently nothing is known as to their 

habits. It is rpiite possible that these Insects will prove to be 

anomalous Braconidae. 

Fam. VIII. Evaniidae. 

Petiole of the ctbdomen edtaehed to the upper part of the median 

dorsal plate; antennae not elbowed, of thirteen or fourteen 

joints. Wings luith a moderate number of nervures. Larva 

of parasitic habits. 

This family is composed of only three genera—A’ruwiu, 

Gaste.ruqotion, and Aidacus, each possessing a considerable number 

of species; they agree in the characters mentioned above, and 

may be readily recognised by the peculiar insertion of the 

hind liody. This character occurs outside the limits of tlie 

Evaniidae only in one or two genera of Chalcididae and 

Eraconidae; it is to this latter family that the Evaniidae must 
be considered most closely allied. 

The s[)ecies of the genus Pvania are believed to live at 

^ Berlin entom. ZcUschr. xxxiii. 1889, p. 197. = Ibid. 
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the expense of cockroaches (Blattidae), and to deposit their 

eggs in the egg-capsules of those Insects. The species of 

Gasteriiption live, in the larval state, on the larvae of other 

Hymenoptera, more especially of such as form nests in wood. 

Very little is known as to the habits of the s^Decies of Aidams, 

l)ut it is believed that they are parasitic on members of the 

Hymenopterous families, Siricidae and Oryssidae. Only the 

most meagre details as to the life history of any of the Evaniidae 

have been recorded. The species of Evania are met with most 

freely where cockroaches abound, and are said, hence, to be 

frequently observed on hoard ship. Two or three species of 

each of the tw’o genera Evcmia and Gasterivptirm occur in 

Britain. The latter genus is 

more widely known under the 

name of Foenus} 

Fam. IX. Pelecinidae. 

Sexes very different ; the female 

without exserted ovipositor, 

but with extremely long 

a hdom en. Articii I a tion 

hetween the femur and 

trochanter ohlique (did 

elongate, hut without divi¬ 

sion (f the trochanter. 

This family at present com¬ 

prises, according to Schlet- 

terei-;' only the three genera 

Pelecinus, Ophionellus, and 

Monomachus. The systematic 

position of the Insects is very 

doubtful, and their haliits are 

but little known. Felecinus 

polyturator (Fig. 370) apipears, 

liowever, in the female sex, 
to be a common Insect over a large part ot tlie wanner regions 

' Monograph, Schletterer, Verh. zool.-bot. Ges. Wien, xxxv. 1885, p. 267, etc. ; 

x.xxvi. 1886, p. 1, etc. ; and llofmus. JJ'icn, iv. pp. 107, etc. 

- Berlin, entom. Zeitschr. xxxiii. 1889, p. 197. 
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of the New World; it is in all probability parasitic in its habits, 

the elongate ovipositor of the female lehnenmon being in this 

Insect replaced Ijy an extraordinary linear extension of the abdo¬ 

men itself. Donbleday has recorded that he saw twenty or 

thirty specimens of this species that had perished with their 

elongated hind bodies inserted into the stem of a tree, from 

which they conld not extricate themselves. On the other hand, 

ration thinks they are parasitic on locusts.^ 

The male in Felecinus has the proportions of the parts of 

the body normal, there being no elongation of the abdomen; it 

thus differs very much in appearance from the female. There 

seems to be very little to distinguish Felecinus from I’rocto- 

trypidae. The undivided trochanters have led to these Insects 

being placed, by some, among the Aculeate Hymenoptera. This 

character, as we have already shown, occurs also in Procto- 

trypidae. 

Fam. X. Trigonalidae. 

Ahclovien ovate, not separated ly a pedicel from the tliora.r. 

Antennae twenty-fia-e-jointed. Trochanters imperfectly two- 

jointed. Both the anterior cvnd. p>osterior ■wings provided with 

a weU-deveIop>ed, neuratio'yi. Abdomen comp)osed of only jive 

appjarent segments. Larva, (in some cases)pcrrasitic on Aculeate 

Hymenoptera. 

This family is chiefly constituted by the very rare Insects 

contained in the genus Trigonalys, of which we have one species 

in Ih'itain. Although, so far as appear¬ 

ance goes, they have little in common 

with the parasitic Hymenoptera, and 

look quite like members of the Acu- 

leata, yet the late P. Smith found a 

species in the cells of Folistes lanio, 

thereby showing it to he of para¬ 

sitic habits. Although some Aculeate 

Hymenoptera are also of parasitic 

haliits, yet the characters of Trigonalys 

]terlia])s agree, on the whole, better 
with the Hymenoptera parasitica. The British species is very 

‘ Amcr. JVat. xxviii. 1894, p. 895. See also Forbes, Jiqh Ins. Illinois, xix. 1896, p. 79. 

Kic. 371.— TrUjonfjbis inanili- 
froiis Cain. /./. Mexico. 
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rare. The South American genus, Nomadina, looks still more like 

a bee, and the trochanters are even more imperfectly divided 

than they are in some of the Aculeate group, ISTyssonides, the 

outer portion being merely a small piece imperfectly separated 

from the base of the femiu’. 

Xote.—The citation of Saint Augustine on p. 85 is made in the words 

used hy Wasniann in Der Trichtenviclder, eine naturiuissenscliaftliche Studie 

iiher den ThierimtinM, 1884. 

The authenticity of the passage we have adopted as the motto for this 

volume is somewhat doubtful. It is explained in an “ admonitio ad lectorem ” 

of the soliloquy, that this work is probably a compilation by a later writer, 

from two, or more, works of Saint Augustine. Father Wasmann has been so 

kind as to inform the writer that the idea of the passage quoted occurs 

frequently in the undoubted works of the Saint, as, for instance, de Civitate 

Dei, lib. xi. cap. 22 ; Serm. ccxiii. in traditione symboli II. cap. i. ; contra 

Faustum, lib. xxi. cap. v. etc. The passage quoted is, however, the only one 

in which “ angeli ” and “ vermiculi ” are associated. 
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INDEX 

Every reference is to the page : words in italics are names of genera or species ; figures 

ill italics indicate that the reference relates to systematic position ; figures in thick 

type refer to an illustration ; f. = and in following page or pages. 

Abdomex, 109 ; of Hymenoptera, 492 f. 
Abdominal appendages, 188, 189, 190 
Acantherpestes, 74, 76, SO 
Accessory glands, 392, 404 
Acheta, 330, 338 
Achorutes murorum, 194 
Acini, 126 
Acoustic orifice, 317 
Acridiidae, 201, 279-310, S09 
Acridiides, 310 
Acridiumperegrinum, 298 ; growth, 156 ; 

at sea, 297—see also Schistocerca 
Acrophyllides, 278 
Aculeata, 620 
Aculeates and Proctotrypids, 535, 564 
Adler, on alteniation of generations, 530 ; 

on galls, 526 f. ; on useless males, 498 
Aeschna cyanea, 412 ; A. grandis, labium, 

411 ; nymph, 420, 421 
Aeschninae, 416,^26 
Agaonides, 647 
Agathemera, 274, 276 
Agrion nymph, 426 
Agrion pidclidlmn, 412 
Agrioniiiae, 412, 4^6 
Agriotyirides, 567 
Agriotypus armatus, 667 
Air sacs, 128, 282, 283, 294, 495 
Alaptus excisus, 637 ; A. fusculus, 538 
Alar organs, of earwigs, 206 ; of Blattidae, 

225 ; of Mantidae, 245 ; of Phasmidae, 
269 ; of Acridiidae, 281 ; development 
of, in earwigs, 212 ; in Mantidae, 248 
—see also Tegmina, Wings, Elytra 

Alary muscles, 134 
Albar<la on Kaphidiides, 47fi 
Alder flies, 444 
Aleuropteryx, 471 
Alimentary canal, 123-127, 403, 446 ; of 

may-flies, 438 f. ; of Panorpa, 450 ; 
closed, 457, 466, 496, 544 

Alitrunk, 489 f., 490, 492 
AUoea, 661 
Alternation of generations, 497, 530 
Amber, MjTiapods in, 74, 76, 77 ; Insects, 

179 ; Aptera, 196 ; Blattidae, 239 ; 
Mantidae, 258 ; Phasmidae, 276 ; Pso- 
cidae, 397 ; Perlidae, 407 ; Phryganeidae, 
485 ; Tenthredinidae, 518 ; Cynipidae, 

533 
Ambua, 40 
Ameles, 245 
Ametabola, 158, 174 
Amnion, 148, 545 
Amnios, 291 
Amorphoscelides, 251, 259 
Amorphoscelis annulicornis, 251 
Amphibiotica, 34'2 
Amp)hient(ymum paradoxum, 397 
Ampidex, abdomen, 492 
Ampulla, 290 
Amylispes, 76, 80 
Anabolia JurccUa, mouth-parts, 476 ; A. 

nervosa, larva, 476 
Anabrus purpurascens, 321 
A naplecta adeca, folded wing, 227 
Anaplectinae, 240 
Anatomy — see External Structure and 

Internal Anatomy 
Anax formosus, 410, 414 
Anderson, Dr. J., on Oongyhis, 254 
Anechiira scabriuscula, 208 
Anisolabis maritima, 206 ; A.moesta, 206 , 

A. tasmanica, 216 
Anisomarplui pardalina, 274 
Anisomorphides, 278 
Anisopterides, 412, 47-4i 426 ; nymphs, 

421 
Anovudon, metamorphosis, 662 
Anomalopteryx, 484 
Anostostoma anstralasiae, 326 

Anoiira, 190 
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Ant, brain, 119 ; nervous system, 496 ; 
castes, 500 

Ant destroyer, 545, 559 
Ante-clypeus, 93 

Antennae, 97 ; growtli of, 212 
Antkophum retiisa, jiarasites of, 544, 545 
A iit/iophonihia retusu, 545 
Ant-lions, 453, 454 

Anuridct mtiritinia, 194, 196 
Aorta, 133. 134 
Apanteles j/omeratiis, 501 
Apdtania, 481; A. arctica, A. muliehris, 

481 
Apex, 112 
Aphilothrix, 531 
Apocrita, 519 
Apodenie, 103 
Apophysis, 103, 520 
Appendages, 91, 188, 189, 190 
Aptera, 172, ISO-189 
Apterous Insects, 205, 216, 217, 220, 234, 

236, 252, 261, 262, 264, 269, 272, 274, 
277, 299, 302, 303, 307, 321, 322, 323, 
324, 325, 326, 329, 518, 556, 561—see 
also Wingless Insects 

Apterygogenea, 175, 196 
Aquatic Acridiidae, 301, 303 ; Aq. Hymen- 

optera, 538, 557 ; Aq. Phasniids, 272 
Aracliiiides antennistes, 77 
Archidesmidae, 70 
Archidesmus, 76 
Arcliijulidae, 76 
Archipolypoda, 74, 76 
Aroliuni, 105, 223 
Arrhenotoky, 141, 498 
Arthromeres, 87 
Arumatia ferula, anatomy, 262 
Ascalaphides, 4S0 f. 
Ascalapihus coccajus, 469 ; A. longicorni.'i, 

459 ; A. macarotiias, 460 ; eggs, 460 
Aschipasma catadromus, 263, 266 
Asohipasmides, 378 
Ashinead, on Myniarides, 537 ; on Procto- 

trypids, 537 ; on Scleroderma, 536 
A stroma, 300 
Asymmetry, 216 
Athalia (centifoUae) spiiiarum, 515 
Atrojiinae, 394 f. 
Atropos diviaatoria, 394 f., 396 
Atta {Oecodoma) cepludotes, 601 
Attitude, 248, 250, 256, 268, 514 
Attraction of light, 230 
Auditory organ, 400 ; of Ctdotermes, 368 

—see also Ear 
Audouiu on thorax, 100, 101 
A tdacus, 563 
Atdax, 532 
Avicenna, 41 
Axes of body, 113 

lUulI.LIDES, 27S 
Jkieillus paiellifer, 263 

Bacteria, 276 
Bacteriides, 377 
Bacunculides, 377 
Baetis, 433 
Ballostouia, 196 
Ballowitz on spermatozoa, 140 
Barber, 51 rs., on S. African locust, 294 
Ba.rhitistes yersini, 321 
Barnston on Perlidae, 402, 405 
Barriers with eggs, 461 
Base, 112 
Basement membrane, 162 
Bassett on oviposition of inquilines, 532 
Bataillon, on metamoridiosis, 131, 168; 

on reversed circulation, 135 
Bates, on singing gra.sshopper, 319 ; on 

Termites, 375 
Bateson, on forceps of earwig, 209 ; on 

antennae of same, 212 
Batrachotettix whiti, 305 
Bedeguar, 527, 531 
Bees killed by Locusta, 321 
Belt on domestic cockroaches, 231 
Bermuda, 33 
Bertkau, on Psocus, 391 ; on micropterous 

Psocidae, 394 
Bethylus hab.ts, 535 
Bherwa, 326 
Bird eaten by Mantis, 250 
Bird-lice, 345, 351 
Biting-lice, 345, 351 
Bittacus, 451, 453 ; B. tipulariits, 452 
Blabera, 235 ; wings, 237 ; B. giyantea, 

222 
Blaberides, 341 
Black beetle, 221 

Blanjulidae, 44- 
Blanjulus, 44 
Blastoderm, 147 
Blastopihaga grossorum, 547 f. 
Blatta, 240 

Blattidae, 301, 220-241, 240; parasites 
of, 563 

lUattinae, 240 
Blind Insects, 217, 233 
Blood, 132 
Blood-gills, 479 

Blowfly, egg, 145; metamorphosis, 163 
Bolivar on eyes of MachiUs, 185 
Bombus, dorsal vesscd of, 133 ; metamor- 

pho.sis, 497 ; B. liicorum, 488 
Bombyliidae, 291 
Bonnet and Pinot on Kugaster, 324 
Book-lice, 390 f. , 
Biireus hiemalis, 451 ; larva, 453 

Boutan on concealment of le.af-like In¬ 
sects, 323 

Brachyscelides, 526 
Brachystola magiia, 308 
Brachytrypes megacephalus, 332 
Bntcon palpehrator, 669 
Bracouidae, 558 f. 
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Bradford Cave, Myriapods iii, 34 
Brain, 118, 120 ; of ant, 119 ; of Perlidae, 

404 
Branchiae, 401, 421—see also Gills 
Brandt on nervous system, 119, 495 
Brauer, on classification, 175 ; on median 

segment, 491 ; on hypermetamorphosis, 
160 ; on Menorhyncha, etc., 161 ; on 
Ascalaphus larva, 460; on development 
of Mantispa, 464 ; on Palaeodictyop- 
tera, 486 ; on Panoipa larva, 452 ; on 
tegmina of Phylliiim, 270 

Breitenbach on ProscopiiJes, 299 
Bridgman on British Ichneumonidae, 557 
Brindley on growth of cockroach, 229 
British, Myriapods, 36 ; Orthoptera, 201 ; 

earwigs, 215 ; grasshopjiers and locusts, 
308 ; crickets, 339 ; Psocidae, 395 ; 
Perlidae, 406 ; Odonata, 424 ; Sialidae, 
444, 448 ; Chrysopides, 469 ; Trichop- 
tera, 480 ; Phytophagous Hymenoptera, 
504 ; Siricidae, 510 ; Cynipidae, 533 ; 
Ichneumonidae, 557 ; Braconidae, 561 

Brougniart, on fossil Insects, 428 ; on 
fossil Nenroptera, 343 ; on Neurop- 
teroidea, 486 ; on post-embryonic de¬ 
velopment of locust, 287 ; on young 

Mantis, 247 f. 
Brougniart and Becqnerel on chloropliyll 

in Phyllium, 268 
Bruner on variation of Ortho]:)tera, 304 
Brunner, on Hypertely, 322 ; on classifica¬ 

tion of Orthoptera, 202 ; of Blattidae, 
240 ; of Mantidae, 259 ; of Phasmidae, 
277 ; of Acridiidae, 309 ; of Locustidae, 
328 ; on variation of Oedipoda, 304 

Bryodema tnberculata, 281 
Bugnion on histolysis, 166 ; on Encyrtus, 

545 
Bailer on Weta-punga, 326 
Burcliell on Mantis, 249 
Burgess on Psoctcs, 391 f. 
Burmeister on Mantidae, 250 
Bursa copulatrix, 139 

Caddis-flies, 473 f. 
Caecum, 125 
Caeiiis dimidiata, 442 
Calcares, 104 
Calep)teryginae, 422, I/AG 
rjalepteryx, 417, 420, 422 ; its eggs’ para¬ 

site, 538 
Callimenides, 318, 329 
Calliinome bedeguaris, 532 
Caloptenus spretus, 288 f., 289, 298, 303 ; 

development, 289 
Calotermes jiavicoUis, 362, 363, 371, 376 ; 

C. nodidosus, 359 ; C. rugosus, 368, 

382, 383 
Calvert on Odonata, 412 
Calvisia atrosignata, 266, 273 

Caly.x, 283, 439 

Cameron, on ant-parasite, 545 ; on gall- 
producing plants, 527 ; on i)artlieno- 
genesis, 498, 499, 617 ; on Pimpla 
larva, 557 

Camerauo on earwig, 211, 213 
Campodea, 61; C. staphylinus, 182, 183, 

197 
Carapodeidae, 183 
Caviponotns, nerves, 495 
Cannibalism, 425, 477 
Cantharidae, 291 
(lapnia vernalis, 405 
Caprificatiou, 547 f. 
Capsule of eggs, 201—see algo Egg-capsule 
Caraphractus cinctus, 538 
Carboniferous, Myriapod.s, 75, 76 ; Insects, 

196, 238 f., 259, 276, 408, 428, 442 f., 
449 

Cardiophorus larva, 90 
Cardo, 95 
Carnivorous and vegetarian, 250 
Carpenter bee wings, 494 
Carruthers on locust swarm, 292 
Case, Hymenopterous, 514 
Cases, cadilis-fly, 476 f., 480, 481, 4S2, 

483, 484, 485 
Castes, 500, 601 
Caudal branchiae, 423 
Cave, Myriapods, 34, 37 ; Insects, 197, 

451 ; Locustidae, 321 ; cockroach, 232, 

233 
Cecidomyia, parasites of, 536, 537 
Cenchri, 511 
Centipedes, 30, 36, 40 
Cepludocoema lineata, 299 
Cepludonomia. fortniciformis, 536 

Cephidae, 504 f. 
Cephns integer, 505 ; C. pygviaeus, 506 
Cerci, 110,183, 216, 257, 337, 400 ; of Blat¬ 

tidae, 224, 238 
Cermatia, 35 
Ceroys saerisstma, 264 
Cervical sclerites, 99, 99, 409 
Chalcididae, 539 
Chalicodoina iwraria, nest, parasites, 

540 f. 
Changing colour, 288, 253, 267, 268 
Chasmodon apterus, 561 
Chatiii on labnini, 93 ; on mandibles, 95 

Chaidiodes, 44'7 
Cheeks, 94 
VheimatfMa hrumata, ]iarasites, 521 
Chelidura dilatata, 205 
Cheshire on fertilisation of bee, 499 
Chilaspis luwii, 530 ; C. nitida, 531 
Cliilian Insects, 447, 463 
Cliilognatha, 30, 43, 47, 7G ; development 

of, 63-72; structure of, 52-56, 53; 

double segments, 53, 70 
Chilopoda, 30, 33, 4-4-: 47, 52, 74, 75; 

structure of, 56-59 ; development of, 

70-72 
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Chitin, 162 
Chitiiiogenous cells, 162 
Clilorophyll in teginina, 269 
(Jhoeradodis cancdlata, 262 
CI]olo(lkovsky, on head, 87 ; on styles of 

cockroach, 224 ; on embryology of 
1‘hyllodromia, 237 ; on morphology of 
sting, 493 

Chrmhuma, 31 
Chordenmidae, 
Chordeunioidea, SO 
■Chordotonal organs, 121 
Chorion, 144 
Ohorisoneura, 2^0 
Chroniosoines, 146 
Chrysopa eggs, 469 ; larva, 469 ; C. aspiersa, 

470 ; C. flava, 469 ; C. pallida larva, 470 
Chrysopides, 460 f., 472 
Chun on rectal gills, 422 
Chyle, 133 
Chyliflc ventricle, 125, 228 
Cimhex abdomen, 493 ; abdominal articu¬ 

lation, 492 ; dorsal vessel, 134 ; C. syl- 
varum, saws, 612 

Cimbicides, 511, 517 
Cinura, 182 
Circulation, 132 f. ; in caudal setae, 435 
Cladomorphides, 27S 
Oladonotus humhertianus, 301 
Classification, 171 f. ; of Blattidae, 240 ; 

of Mantidae, 259 ; of Phasmidae, 277 ; 
of Acridiidae, 309 ; of Locustidae, 328 ; 
of Gryllidae, 340 

Claws, 105, 106, 469 
Chitumnides, 278 
Cloeon, eyes, 430 ; C. dimidiatum, larvule, 

432 ; Q. dipterum, nymph, 432 ; respira¬ 
tion of nymph, 436 

Clothilla, 395 ; C. pulsatoria, 395, 396 ; 
anatomy, 392 

Clypeus, 92, 93 
Cockroaches, 220 
Cocoons of sawfly, 515 
Coeloblast, 149 
Coleoptera, 173 
Collemhola, 182, ISO f. 
Collophore, 193 
Colobognatha, 47t 
Colour, 200 
Commissures, 116 
Common cocoons, 515 
Compass Termite, 386 
Complementary Termites, 361 
Compound eyes, 97,430 ; ( = faoetted eyes) 

in Myria])od.s, 36 
Concealment by movement and position, 

288 ; by selection of place, 308 
Coniopterygides, J/71 

Cuniopte.ryx hitea, 471 ; C. pisociformis, 
471 ; (1. tineifornis, 472 

Conoce]>ha!ides, 313, 327, 328 
Coyiiophtira cornuta, 313 

Corduler/aster, 415 ; C. annidatus, 415 
Cordulegasterinae, 420 
Corduliinae, 4^0 
Correlative variation, 536 
Corrodentia, 175, 389 
Corrosion by Ternjites, 360 
Corydalis, 447 ; C. cratsicornis, 447 
Coryduloides scudderi, 344 
Corydia, 221 ; C. p>etiveria7Hi, 233 
Coryiliides, 241 
CJoryna,, 550 
(Jo'rynothrix borealis, 191 
Costa, 108 
Cotes on Indian locusts, 298 
Cotylusoma, dipneusiicum, 272 
Coxa, 88, 104 
Craspedosoma, 76 
Crawlers, 447 
Creepers, 407 
Cretaceous Myriapods, 75 : Insects, 485 
Creutzberg on circulation, 436 
Cricket, 330, 338 
Crioceris aspa'ragi, legs of larvae, 106 
Crop, 114, 124, 495 
Crunoecia irrorata, case of, 480 
Cryptides, 557 
Cryptocerus, abdomen of, ICD 
Cryptops, 36, 41 
Crystalline cone, 98 
Oucidligera Jlexuosa, 304 
Cunningham on fig fertilisrition, 549 
Cursoria (Orthoptera), 201 
Cuvier, 77 
Cyclops form, 636 
Cylindrodes camphellii, 336 ; C. kochi, 336 
Cynipidae, 523 
Cynips acicnlata, 531 ; C. disticha, 530 ; 

C. folii, 530 ; C. kollari, 530 ; C. lijni- 
cola, 530 ; C. spoagifica, 531 

Cyphocrania aestuans, 266 
Cyprus, 32 

Cyiiophyllusconcavus,S20; C.crep{tans,3ll 

Dahl and Ockler on feet, 105 
D’Albertis on may-flies, 441 
Damsel-flies, 417 
Dancing may-fliea, 439 f. 
Dasyleptus lucasii, 196 
De.ath-watch, 395 f. 
Decaux on cannibalism of mole-cricket, 336 
Deception, 250, 265 
Decoys, 257 
Decticides, 329 

De Geer on earwigs, 214 
Degeeriidae, 190 
Deinacridn heteracantha, 326 
Demoiselles, 417 
Bendrolemi paniherinus, 458 
Denny on Mantis in England, 258 
Derham oir death-watches, 396, 397 
Derrnapterii, 202, 216 
Dermatoptera, 202 
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Derocalymma, 235 
Deroplatys samwaca, 243 
De Saussure, on Orthoptera, 202 ; on wings 

of Blattidae, 226 f. ; on classification 
of Gryllidae, 340 ; on Ilonimerics, 217 ; 
on nomenclature of Blattidae, 240 ; on 
oceans as barriers to migi’ation, 297 

Desert Insects, 253, 304 
Deuterotoky, 141, 497 f. 
Deuto-cerebron, 118 
Development, of alar organs of Platydeis, 

312 ; of crickets, 332—see also Em¬ 
bryology and Metamor2iliosis 

Devonian, 428, 442 
Dewitz on caste, 500 ; on ovipositor of 

Loaista, 314 ; on morphology of sting, 
493 ; on internal legs, 496 ; on develop¬ 
ment of wings of Phryganeidae, 479, 
480 ; on dragon-fly nympihs, 423 ; on 
Chrysopa larva, 470 

Diaphana Jieberi, 226 
Diapheromera feinorata, 263, 264, 265, 267 
Diastrophus, 532 
Diaulus, 484 
Dicranota, larva, glands of, 142 
Dictyoneura, 277, 344 
Dictyopteryx microcephala, 406 ; 1). sig- 

naia, 401 
Bielocerus elUsii, 515 
Digestion, 127 
Dilarina, 4^5 
Dilke, Sir Charles, on Orchis-like Mantis, 

254 
Dimoriihic cocoons, 560 ; males, 547, 549 

Diplectrona, 479 
Diploglossata, 217 
Diplopoda, 43, 53, 74 
Diploptera silpha folded wing, 227 
Dii^tera, 173 
Disgorgement, 495 
Distant on S. African locust, 298 
Ditrochous, 494, 620 
Divided eyes, 409 
Docophorus fuscicollis anatomy, 348 ; 

D. icterodes, I>. cygni, 349 
Dog, biting-louse of, 349 
Dohrn on tracheal system of Oryllotcdpa, 

132 ; on embryology of Gryllotcdpa, 

336 
Dolichopoda pcdpata, 322 
Dorsal vessel, 133, 134 ; reversed action, 

435 
Dorsum, 100 
Dragon-flies, 409 

Drakes, 441 
Drepanepteryx phalaenoides, 453, 468 ; 

wings, 468 
Drones, 499 
Drummers, 237 
Dubois on decapiitated Mantis, 250 
Duchamp on egg-cajisule of cockroach, 228 
Ductus ejaculatorius, 140 

Dudley and Beaumont on Termites, 372, 

387 
Dufour, on alimentary canal, 124 ; on tra¬ 

cheal system, 129 ; on air sacs of Acri- 
diidae, 283 ; on sexual organs, 138, 
139 ; on testes, 140 ; on phonation, 
286 ; on Tridactylus, 338 ; on Man- 
tidae, 246 ; on earwigs, 210 ; on ana¬ 
tomy of cockroach, 228 ; on anatomy of 
OryUotalpa, 335 ; on anatomy of Ter¬ 
mites, 360 ; on anatomy of Panoipa, 
450_; on larva of Sialis, 446 ; on Myrme- 
leon larva, 458 

Duns, 441 
l)u.st-lice, 390 f. 
Dwellings of Termites, 385 f. 
Dytiscus, mesothorax, 101 ; egg-tube. 138, 

139 
Dzierzon theor}', 499 

Bab, 101, 121 ; of Acridiidae, 285 f., 285 ; 
of Locustidae, 316 f., 316, 317 : of 
crickets, 332 ; of Gryllvtalpa, 333, 334 

Earliest Insect, 238 
Earwig, 202 f., 211, 213, 214; forceps, 

208 E, 209 ; wing, 206 ; the name, 214 
Eaton, on nymph, 157 ; on Ephemeridae, 

435, 437, 440 
Ecdysis, 156, 162 ; nature of, 169 
Pctobia,2‘S6 ; E.lapponiai, egg-capsule, 229 
Ectobiides, 240 
Ectoblast, 149 
Ectoderm, 148 ; of Peripatus, 20 f., 22 
Ectognathi, 189 
Ectotrophi, 189 
Eggs, 143-145 ; of Peripatus, 19 ; of Myria¬ 

pods, 38, 39, 64 ; of Ascalaphus, 460 ; 
growing, 513 ; of parasite.s, 552 ; of egg- 
parasites, 545 ; oiCorydalis,m; ofCyni- 
pidae, 528 ; of Limacodes, 153 ; of Mallo- 
phaga, 348; oiMicrocentrum, 314; of Phas- 
midae, 266, 270 f., 270 ; of Perla, 404 ; 
of Sialis, 445 ; of Trichoptera, 476 

Egg-capsule, 265, 290 ; of Phyllium, histo¬ 

logy, 271 
Egg-parasites, 522, 536, 538 
Egg-tubes, 137, 139, 392—see also Ovaries 

Plileticus, 76, 80 
Eisig on chitinous excretion, 130, 163 
Ejaculatory duct, 392, 414 
Ejection of huid, 264, 324, 399, 515 

Elasmosovia, 559 
Elater larva, 29 
Elipsocus brevistylus, 393 
Elytra, 108 
Embia, 352, 353 
Emhidopsocus, 395 
Embiidae, 351, 395 
Embryolog)% 145-153 ; of Peripatus, 19 f.; 

of Myriapods, 63 f. ; of par,asite.s, 522 ; 
of earwig, 216 ; of Blattidae, 237 ; of 
Encyrtus, 546 ; of Gryllotalpa, 336 ; of 
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Polynema, 538 ; of Smicra, 545 ; of 
Proctotrypidae, 536 f. 

Emergence fro)n egg, 263,264, 290,291, 313 
Empodinm, 105 
Kmpusa paiqvrata, 245, 257 
Emjmsides, S'lO 
KncyrtusfuscicoUis development, 545 
EiidoVdast, 149 
Eiidoderm, 148 ; of Peripatus, 20 f., 22 
Endolabium, 97 
Eiido-skeleton, 399 
Eneopterides, 
Enock on Alajitus and Caraphractua, 538 
pjiioicylapufsilla, 481 
Entognathi, 189 
Entomology, 8C 
Entotliorax, 103, 114, 116 
Entotrophi, 189 
Eocene, 407 
Roperipatus, 24 n. 
Eoscolopendridae, SO 
RpJiemera, 434 ; E. danica, 429, 441 ; 

wing, 431; R. ndgata, 441; nymph, 433 
Epliemeridae, ^;2P-443 
Rphipipigera Malpighian tubes, 335 ; E. 

■rugosicolUs, 323 
Ephippigerides, 318, S29 
Epiblast, 65, 149 
Epicranium, 92, 93, 93 
Epideiues, 107 
Epilamprides, SJfO 
Epimeron, 100, 101, 104 
Episternuni, 88, 100, 101, 104 
Epistome, 92 
Epithelium of stomach, 126 
Eremiaphila, 243, 253 ; E. turcica, 253 
Eremobiens, 304 
Erianthus, 301 
Erichson on Neuroptera, 342 
Erne on Rhyssa, 554 
Etoblattiua manebachensis, 238, 239 
Rucharis myrmeciae.^ 545 
Rii,chroma, head and neck 99 
Encoryhas, 37 
Eugaster guyoni, 324 
Eiigereon hockingi, 486 
Euniegalodnu hhinchardi, 327 
Eumegalodonidae, 327 
Enorthoptera, 216 
Euphaeu, 422 
Ruphohcria, 76, SO 
Euphobeiiidae, 73, 76 
EtipTepocncviis plorans, 303 
Enrycantha anutralis, 274 
Eurypauropidac, 47 
Eurytcma ahrotd.ni, 539 
Ensthenia, .yieciabilis, 407 
Eutcrmes, 374 ; E. ripperti, 388 
Katliyrlwpha, 226 
Ecania, 662 
Evaniidae, 562 
Exner on sight, 416 

Exodus, locust of the book of, 298 
Exsertile blood-sacs, 132 
External parasite, 555 
External structure, 87 ; diagram, 88 ; of 

earwigs, 203 f. ; of cockroaches, 221 ; 
of Mantidae, 242 f. ; of Phasniidae, 
260 f. ; of Acridiidae, 280 f.; of Odon- 
ata, 409 f. ; of Epliemeridae, 430 f. ; of 
Paiiorpa, 450 ; of Phryganeidae, 474 ; 
of Hymenoptera, 489 f. ; of Teuthre- 
dinidae, 511 

Eyes, 97—see also Compound Eyes and 
Ocelli 

Fabue on Leucospis, 540; on Monodon- 
tomerus, 543 ; on Sirex, 509 

Facetted eyes—see Compound Eyes 
Fainilj', 177 
Fasting, 448, 458 
Fat-body, 136 
Feeding, by Termites, 376 ; young, 495 
Femur, 88, 104 
Fenestra, 221 
Fenestrate membrane, of ej'e, 98 ; of jieri- 

cardium, 134 
Fertilisation, 499 ; of fig, 549 
Field-cricket, 332 
Fields of wings, 206 

Fig-Insects, 547 f. 
Figitides, 525 
Finot on Japyx, 196 
Fire-brats, 186 
Fischer on instars, 158 
Fish destroyed, 425 
Fletcher on parthenogenesis, 498 
Flight, 416 
Floral simulators, 254 f. 
Flying-machine, model for, 417 
Foenus, 563 
Foetus of Hemimerus, 218 
Foramen, occipital, 92, 94 
Forbes on Blattid, 235 
Forceps of earwigs, 208, 209 
Forel on nervous system of ant, 495 
Forjicula auricularia, 202 f., 204, 209, 

211 ; F. giganteu, 210 
Forflculidae, 201, 202 
Formica-leo, 456 
Formicajo, 456 
Formicario, 456 
Fossil, Insects, 178, 472, 485, 486 ; Acri- 

iliidae, 308 ; Blattidae, 238 ; cricket, 
340 ; dragon-flies, 427 ; eiirwigs, 216 ; 
Locustidae, 328 ; Mantidae, 258 ; may¬ 
flies, 442, 443 ; Phasinidae, 276 ; 
Panorpidae, 453 ; Perlidae, 407 ; Siali- 
dae, 449 ; Termites, 389 ; Thysanur.a, 
196 ; Myriapods, 72 f.; Palaeozoic Neu¬ 
roptera, 343 

Founding communities, 381 

Fourmilions, 456 
Fowl, biting-louse of, 350 
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Fritze on Epliemerid alimentary canal, 439 
Frons, 94 
Front wings absent, 260 f. 
Fungus chambers, 387 
Fungus-growing Termites, 385, 387 
Funiculus, 492 
Furca, 103 
Furcal orifices, 399, 402 

Galapagos Islands, 459 
Galea, 95 i 
Gall-flies, 523 f. 
Galls, 514 f. ; nature of, 525 f., 533 
Ganglia, 116 
Gauiu, on metamorphosis, 162 ; on embry¬ 

ology, 536 f., 538 
Gasteruption, 5G2 
Gena, 94 
Geophilidae, 46, 58, 75 
Geophilus, 33, 36, 39, 46 ; marine, 30 ; 

phosphorescent, 34 
Geoscapheusides, 841 
Gerascutigeridae, SO 
Gerephemera simplex, 428 
Gerstaecker, on Neuroptera, 343 ; on 

mouth of Odonata, 411 
Giebel on Mallophaga, 347 
Gigantic Insects, 276, 306, 428 
Gilbert White, on mole-cricket, 333 ; on 

field-cricket, 339 
Gills, 132, 400,421, 432f., 478; jointed,445, 

446, 467; filamentous, 476 ; spongy, 
447 ; prothoracic, 443 ; of pupa, 483 ; 
on imago, 401, 479 ; blood-gills, 479 

Giraud on C'ynipid oviposition, 528 

Gizzard, 124, 125 
Glacier water, 405 
Glande sebirtcpie, 139 
Glands, 139, 142 ; conglobate, 229 ; maxil¬ 

lary, 458 ; mushroom, 258—see also 
Salivary Glands 

Glandulae odorifeme, 31, 36, 54 
Glomeridae, 43, 76, SO 
Glomeridesinidae, 80 
Glomeris, 33, 43, 52 
Gnathites, 94, 97 
Golden-eyes, 469 
Gbldi on eggs of Phasmidae, 265 
Gomphinae, 430 
Gomp)hocerus, 308 
Gomphus, 415 
Gonapophysis, 110 
Gomjijlus fjongyloides, 254 f., 255 
Gosch on median segment, 491 
Goureau on Microgaster, 560 
Graber, on dorsal vessel, 134 ; on blood 

cells, 137 ; on embryology, 148-151 ; 
on ears, 286 ; on ears of Locustidae, 
316, 317 ; cn chordotonal organs, 121 ; 
on blood, 133 ; on pihonation of Steno- 
bothrus, 284 ; on Platycleis, 312 

Grassi, on Myriapoda, 47 ; on Campiodea, 

163 ; on Embia, 353 ; on Termitidae, 
361 f. 

Grassi and Rovelli on Thysanura, 182 
Green grasshoppers, 311 
Green, Mr. Staniforth, on Helicomitus 

Larva, 461 
Oromphadarhina portentosa, 235 
Grosse on Mallophaga, 346 
Growth of wings, 393 ; of Mantidae, 248 
Gryllacrides, 339 
Gryllidae, 801, 330-340, S40 
Gryllides, 340 
Oryllotalpa, 332 ; dorsal vessel, 134 ; 

Malpighian tubes, 127 ; tracheal system, 
132 

Gryllotalpides, 340 
Gryllus, head, 93 ; G. cavipestris, 332, 

339 ; G. domesHciis, 330, 338 
Guilding on Ulula, 461 
Gula, 88, 93 
Gyri cerebrates, 119 
Gyropus, 350 

Haase on abdominal appendages, 189, 
192 

Haemocoele, 22, 23 
Hagen, on segments, 88 ; on wing-rudi¬ 

ments, 395 ; on respiration of immature 
dragon-fly, 423 f. ; on larvae of Ascala- 
phides, 460 ; on amber Psocidae, 397 ; 
on Platephemera, 428: on Perlidae, 
401 ; on Psocidae, 393 f. ; on Termites, 

360 f. 
Haldmanclla, 308 
Halesus guttaiipennis, 473 
Haliday on Belhylus, 535 
Ilalobates, 83 
Ilalteres, 108 
Hansen on Ilemimerus, 217 
Haplogenius, 461 
Haplophlebiuin, 345 
Haplopiis grayi, egg, 265 
Harpagides, 859 
llarpalus caliginosus, head, 92 
llarpax ocellata, 263 ; II. variegatus, 244 

Harrington on Vryssus, 507 
Harris on Katydids’ music, 320 
Hart on forms of A tta, 501 
Hartig on gall-flies, 530 
Harvesting Termites, 383 
Harvey on inetamorjihosis, 168 
Hatchett Jackson on ecdv-'-is, 162; on 

oviduct of Lepidoptera, 139 

Haustellata, 94 
Haustellum, 476 
Havilaml on Termites, 368, 373, 384 
Hawaiian Islands, 354, 395, 425, 471 

Head, 92-94 
Heart, 133 
Heat, 131 
Ile/icomihis insiimdcms, 460, 461 
Ilelicopsyclie shuttleworthi, cases of, 482 
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Hellgrammites, 447 
Heliniiithomorpha, SO 
llelorus anovialipes, 634 
Heiuerobiidae, ^03 f. 
Heinerobiides, ^65 f. 
Hemerobiina, 472 
Ilemenibiics larva, 467 
fleinichroa rufa, 498 
Heiiiiiueridae, 201, 217 

Hemimerus hanseni, 217 : foetus of, 218 ; 
II. talpoides, 218 

Hemimetabola, 158 
Hemiptera, 173 
Hemiteles, 556 
Henking on embryology, 145 
Heiineguy on egg-capsule of Phyllium, 

271 ; on embryology of Smicra, 545 
Hepitagenia, 440 ; II. longicauda, 437 
Hessian-fly, parasites, 537 

Ileterogarnia, 222 ; II. aegyptiaca, 220; 
egg-capsule, 229 

Heterotnetabola, 158 
Heteromorpha, 158 
Ileterophlebia dislocata, 427 
Ileteropteryx grayi, 262 
Hetrodides, 329 
Hexapoda, 86 

Heymous on earwig embryology, 216 
Hind body, 109 
Hind wings absent, 429 
Histoblasts, 167 
Histogenesis, 165 • 
Histolysis, 165, 166 

Hodotermes japonicus, 383 ; JI. Iiavi- 

landi, 384 ; 11. mossambicus, 356 ; II. 

hrunneicornis, 359 ; H. quadricollis, 

371 
HofCbauer on elytra, 108 
llolocompsa, 226, 235 
Holometabola, 158 
Holoplithalmi, 4.59 
Homomorpha, 158 
Hooks for wings, 494 
Iloplologoha, 303 
Hose, 393 

Howard, on pupation of Clialcididae, 550 ; 
on llydropsyche, 483 

Huldianl and Hagen on Termites, 388 
Humboldt, 31 
Humpback, 445 

Huxley', on head, 87 ; on cervical sclerites, 
99 

Ili/ilrop.v/che, 479 
Hydropsychides, 4S2; larva, 483 
llydropt'da angnstdlu, 474 ; II. madach- 

hini, larva, 484 
Hydroptilides, 4S4- 
Ilylotuma rosae, 513 
Ilymeiiojitera, 173, 4<S’7-565 ' 

lly me.noptcra phytophaga, 503 f. 
IlymeiKipus bicoriiis, 253 
Ihjperctes, 395, 397 

Hypermetamorpihosis, 158, 159, 465, 540, 
oo2, oo7 

Hyperparasitism, 521 
Hypertely, 323 
Ilypnwna amoena, 234 
Hypoblast, 65, 149 
llypocepihalus, 99 
IIypodvrysa, 470 
Hypodermis, 162, 480 
Hypoglottis, 96 
IIypanomeuta cognatella, parasite of, 545 
Hypopharynx, 96—see also Lingua 

ICUNEVMOXE^ A DSC IT I, 559 
Ichneumon-flies, 265, 531 ; uninjurious 

264 ; supplementary, 55S 
Ichneumonidae, 551-l)I)% 
lohueumonides, 557 
Ictinm, 419 
Ilyodes, 80 

Imaginal, discs, 165, 166 ; folds, 165 
Imago, 157 

Imbrications 493 
Inihof on Perla, 403 f. 
luaequipalpia, 4SO 
Indusial limestone, 485 
Infra-oesopihageal ganglion, 11 
Inner margin of wing, 108 
hwcelliu, 4di7 
Inquilines, 373, 524, 531, 533 
Insecta, definition, 86 
Instar, 155, 158 
Instinct of Leucospis, 541 
Integument, 162 

Internal anatomy, 186 f. ; of Acridiidae, 
282 f. ; of earwigs, 210 ; of Gryllotalpa, 
335 ; of Hymenoptera, 494 ; of Libel- 
hda, 414 ; of Mantidae, 246 ; of Myr- 
mcleun larva, 457, 458 ; of Odonata, 
414 ; of Stylopyga orientcdis, 228 ; of 
Phasmidae, 262; oi Raphidia, 448; of 
Aft/;*’larva, 446; of Thysauura, 187 f. 

Intestine, 114, 124 
Iiivolucrum alarum, 206 
Irk oratoria, 248 

laogenns nubecula, 405, 406 
Jsuptery.'c, 400 
Js(isom<(, 546 
Isoloma, 190 

J.VJIAICA, 388 

Japygidae, 1S4 

/fty;y,c,abdomeuof,109;/.*t)/;/;q/;;*,184,196 
Jheriiig, Von, on Termite.s, 387 
Joint, 105 
Joint-worms, 546 

Joly on Ephemeridae, 431 ; on anatomy 
of Phyllium, 262 

Julidae, 34, 4^, 71, 73, 77 
Juloidea, SU 
Julapsis, 74 

Julus, 36-39, 52 ; J. nemorensis, 43; ,1. 
tcrrestris, 37, 70, 77 ; breeding, 37 ; 
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development, 66-69 ; heart, 60 ; ovum, 
63, 64 ; eye, 69 

Jurassic, 216, 259, 407, 442 
Jurine on pieces at base of wing, 102 

Kampecaris, 76 
Karubidion, 274 
Katydids, 319, 320 
King, 361, 378 
Klapalek, on Trichopterous larvae, 484 f. ; 

on Agriotypus, 557 
Knee, 104 
Koch, 42 
Koestler on stomatogastric nerves, 120 
Kolbe, on entothorax, 103 ; on wings of 

Psocidae, 394 
Kollar on Sirex, 509 
Korotneff on embryology of Gryllotalna, 

336 
Korschelt on egg-tubes, 138 
Korschelt and Heider on regenerative 

tissue, 167 
Kowalevsky, on phagocytes, 166 ; on re¬ 

generative tissue, 167 ; on bee embryo, 
496 

Kradibia coivani, 549 
Krancher on stigmata. 111 
Krawkow on chitin, 162 
Kulagin, on embryology, 537 ; of Encyrtus, 

o4o 
Kiinckel d’Herculais, on histoblasts, 167 ; 

on emergence of Stauronotus, 290 

Labia minor, 214 
Labidura riparia, 210. 211, 214, 215 
Labium, 95 : of Odouata, 410, 411 ; of 

0. larva, 420 
Laboulbene, on Anurida maritima, 194 ; 

on Perla, 399 
Labrum, 93, 93 
Lacewing flies, 453, 469 
Lra'hesilla, 395 
Lacinia, 95 
Laemobothrinm, 347 
Lamarck, 77 
Lamina, subgenitalis,224 ; supra-analis, 224 
Landois on stigmata. 111 
Languette, 96 
Lankester, 40 
Larva, 157 : (resting-larva), 164 ; oldest, 449 
Larvule, 431, 432 
Latreille, 30 
Latreille’s segment, 491 
Latzel, 42, 77 
Latzelia, SO 
Leach, 30, 77 
Lead, eating, 510 
Leaf-Insects, 260 
Legs, 104 ; internal, 496 ; four only, 549 ; 

of larvae, 106, 110 
Lendenfeld, on dragon-flies, 416, 417 ; on 

muscles of dragon-fly, 115 

Lens, 98 
Lepidojitera, 173 
Lepisma, 185, 196; L. saccharina, 186; L. 

niveo-fasciata, 195 
Lepismidae, 1S5 
Leptocerides, 4S3 
Leptophlebia oupida, 430 
Lespes on Calotermes, 364 
Leuokart on mioropyle apparatus, 145 
Leucocytes, 137 
Leiicospis gigas, 540 ; larva, egg, 642 ; 

habits, 540 f. 
Lewis, Geo., on luminous may-fly, 442 
Lewis on Perga, 518 
Leydig, on brain, 119, 120 ; on Malpighian 

tubes of Oryllotalpa, 335 ; on ovaries, 
137, 142 ; on glands, 142 

Lias, 216, 239, 340, 427, 428, 453, 485, 503 
Libellago caligata, 413 
Lihellula quadrimaculata, 411, 425 
Libellulidae, 409 
Libellulinae, 416, 436 
Lichens, resemblance to, 253 
Lienard on oesophageal ring, 118 
Light, attraction of, 441 
Ligula, 96 
Lilies and dragon-flies, 426 
Limacodes egg, 153 
Limacomorpha, SO 

Limnophilides, 481 
Lingua, 95, 96, 391, 411, 420, 437 
Linnaeus quoted, 84 
Liotheides, 346, SSO 
Lijjeurus heterographus, 346 ; L. bacillus, 

347 ; L. ternatus, 349 
Lipimiburmeisteri, 190 ; L. maritima, 194, 
Lipuridae, 190 
Liquid emitted, 264, 324, 399, 515 
Lissonota setosa, 551 
Lithobiidae, 45, 70, 75 
Lithobius, 32, 36-39, 41, 45, 58 ; breeding, 

38 ; structure, 48, 49, 67 
Lithomantis, 259 ; L. carbonaria, 344 
Locusta, ovipositor, development and struc¬ 

ture, 315 ; L.mridissima, 318, 319, 321, 
324 327 

Locustidae, 201, 311-2,29, 328 
Loon slides, 329 
Locusts, 291 f. ; of the Bible, 298; in 

England, 299 ; swarms, 292-299 ; eggs, 
292 

Loew on anatomy of Panorpa, 450 ; of 
Raphidia, 448 

Lunchodes duirenbodi, egr, 265 ; L. nema¬ 
todes, 260, 261 

Louohodides, 277 
Longevity, 377, 429, 438 ; of cockroach. 

229 
Lopaphus cocophagns, 264 
Lophyrus pini, 611 
Low on Coniopteryx, 471, 472 

I Low, F., on snow Insects, 194 
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Lowne, on embryonic segments, 151 ; on 
integument, 162 ; on stigmata, 111 ; on 
respiration, 130 

Lubbock, Sir John, on Pauropus, 62 ; on 
aquatic Hymenoptei’a, 538 ; on auditory 
organs, 121 ; on sense organs, 123 ; on 
respiration, 130 ; on stadia, 165 ; on 
Clo'eon, 432, 437 ; on Collembola, 192 ; 
on Insect intelligence, 487 

Lucas on mouth-parts of Trichoptera, 475 
Luminous may-flies, 442 
Lycaenidae, eggs, 144 
Lyonnet on muscles, 115 
Lysiopetalidae, 7S 

Machilidae, 184 
Machilis vmritwia, 185; M. polypoda, 184 
Macroneitm, 478 
Malaoopoda, 77 
Mallophaga, 343, 345-350 
Malpighi on galls, 525 
Malpighian tubes, 114, 124, 127, 187, 

353, 360, 392, 403, 414, 421, 448, 457, 
458; of OryUotalpa, 335; of Ephippigera, 
335 ; of Mantis, 246 ; of Myriapods, 
48 

Malta, Myriapods at, 35 
Mandibles, 94, 95 ; absent, 474, 475 
Mandibulata, 94 
Manticora, 304 
Mantidae, 201, 242-259, 250 
Mantiiles, 259 
Mantis, immature tegmina, 248 ; parasite, 

546 ; M. religiosa, 246, 247, 258 
Mantispa areolaris, 463; M. styriam larva, 

464 
Mantispides, 4^3 f. 
Mantoida luteola, 251 
Marchal on Malpighian tubes, 127 
Marine Myriajiods, 30 
Marshall, on Apanteles cocoons, 560 ; on 

Braconidae, 561 
Mask, 420 
Mastacides, 301, 309 
Masta.r. guttatus, 301 
Maternal care, 214, 336, 517 
Maxilla, 95, 96 ; of Odonata, 411 ; absent, 

190 
May-flies, 429 ; number of, 442 
Mayer, on Aiflerygogenea, 196 ; on c,apri- 

fication, 547, 548 
Mazou Creek, Myriapods at, 75 
M‘Coy on variation of ocelli, 267 
M‘Lachlan, on Ascalaiihiiles, 459 ; on 

OlignUnn-n, 354 ; on Rsocidae, 395; on 
Trichoptera, 480 f. 

Mecaptera, 174^ 453 
Mechanism of lliglit, 416 
Mecistiigaster, 412 
Me-conevui, rarinm, 321 
Meconemides, 328 
Mecopoda, 319 

Mecopodides, 32S 
Mecostethus grossus, 285, 299, 308 
Median plate, 504, 506, 507, 512 
Median segment, 109, 490, 491 
Megachile, nervous s3-stem, 496 
Megcdohlatta rvfipes, 235 
Megalomns hirtus, 468 
Meg(dyra, 563 
Megalyriilae, 562 
Meganeiira nwnyi, 428 
Megasecopterides, 344 
Megastignms, 547 
Meinert, on earwigs, 210, 211, 212 ; on 

Myrineleon larva, 457 ; on stink-glaiids, 
210 

Melittobia, 545 
Melliss on Termite of St. Helena, 389 
Meluikow on eggs of MallojAaga, 348 
Membranule, 413 
Meuognatha, 161 

Menopon leucostommn, 348 ; M. pallidum, 
350 

Menorhyncha, 161 
Mentum, 95, 96, 96 
Mesoblast, 20, 65, 149 
Mesoderm, 20, 149 
Mesoiiotum, 88 
Mesopsocus nnipunctatus, 394 
Mesothoracic spiracle, 491 
Mesothorax, 101 
Mesozoic, 309, 449, 485 
Metabola, 158, 174 
Metagnatha, 161 

Metamorphosis, 153-170 ; of Hymenoptera, 
497 ; of nervous sj'stem, 495 f. 

Metanotum, 88 
Metapodeon, 491 

Methone, 200 ; M. anderssoni. 305. 306 
Miall, oil imaginal discs, 165, 167 ; on 

unicellular gland.s, 142 

Miall and Dennv, on pericardial tissue, 
135 ; on epithelium of stomach, 126 ; 
on spermatheca of cockroach, 228 ; on 
stigmata. 111 ; on stomato-gastric nerves, 
120 

Miamia bronsoni, 449 

Microcentrum retinen-e, 313, 314, 320 
Microgaster, 559 ; M. fidripes, 560 ; M, 

global ns, 560 
Micropterism, 339, 394, 405 f., 484 
Micropyle, 145 ; ajiparatus, 404 
Migration, 293, 425 
iligratory locusts, 292, 297 
■Millepieii.s, 41 
Millipede.s, 30, 40, 41 
Miocene, 216, 258, 407 

Molanna angustalu, mandibles of jiupa, 
477 

Mole-cricket, 333 ; leg, 333 
Mouiez on Anurida iiinritima, 194 
Monodontomerus, 532 ; M. cuprens, 543 ; 

M. nitidns, 544 
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Monomachus, 563 
Mouomorpliic ant, 498 
Monotroclious trochanters, 494, 520, 564, 

565 
Mordella eye, 98 
Morviolucoides articidatus, 449 
Morton, on gills of Trichoptera, 483 ; on 

Perlidae, 406 
Moult, 166 
Moulting, 437 ; of external parasite, 556 
Mouth-parts, of dragon-tiy, 411; of dragon¬ 

fly nymph, 420 ; atrophied, 430 
Muller, Fritz, on caddis-flies, 482 f.; on 

fig-insects, 549 ; on Termites, 358, 360, 
374, 381, 382 

Muller, J., on ,anatomy of Phasniidae, 262 
Murray, on Phylliuvi scythe, 263 ; on 

post-einbryonio der-elojunent of Orthop- 
tera, 265 

Musca, metamorphosis, 163, 167 

Muscles, 115 
Music, of Locusta, 318 ; of Tauana, 319 ; 

of Katydids, 319—see also Plionatioii 
Idylacridae, 239 
Jlvmarides, 537, 538 
Myoblast, 149 
Myriapoda, 27, 4-3, 74 ; definition, 29 ; as 

food, 31 ; habits, distribution, and breed¬ 
ing, 29-40 ; locomotion, 40 ; names for, 
41 ; classitication, 42-47 ; structure, 47- 
63 ; embryology, 63-72 ; fossil, 72-77 ; 

aflinities, 78 
Myrmecoleon, 456 
TSIynnecoplmna fullax, 323 
Myrmecophilides, 340 

Myrmeleo, 456 
Myrmdeon, 456 ; M. eitro2>aeits, 457 ; M. 

fonnicurius, 455, 457 ; J/. nostras, 457 ; 
fl/, pallidipennis, 456 

Myrmeleonides, 434 f- 

Nasuti, 370 
yecrophilus armarius, 462 
Necroscides, 27S 
Needham on locusts at sea, 297 
Xematus, 514 ; M. eurtispina, 498 
yemohius sylvestn's, 339- 
Xemoptera hdereri, 462 ; fV. larva, 462 
Nemopterides, 402 
Xemoura, 401 ; M. glncudis, 405 
Neoteinic Termites, 362, 380 
Nervous system, 116 
Nervures, 107,108, 206 ; of Psocidae, 393 ; 

of Embiidae, 352 ; of Termitidae, 359 
Neuroptera, 172, 341-^9>i>; N. amphibio- 

tica, 342 ; N. planipeunia, 342 
Neuropteroidea, 486 
Xeuroterus leniicularis, 523 

Neuters, 137 
Newman on abdomen, 491 
Newport on AniJuiphorahiu, 545 ; on 

Monodontomenis, 544 ; on Paniscus, 

YOL. V 

556 ; on Pteronarcys, 399 f. ; on turnip 
saw'tly, 515 

Nicolet oil Smynthuridae, 191 
Nietner 011 Psocidae, 395 
Xirmus, 346 f. 
Nitzsch, on Mallophaga, 346 f.; on Psocidae, 

392 
Xocticola simoni, 232 
Nodes, 493 
Nodus, 413 
Xomadina, 5G5 
Notophilidae, 40 
Xotophilus, 45 
Notum, 91, 100 
Number of sjiecies, of Insects, 83, 171, 178 ; 

of Cephidae, 506 ; of Chalcididae, 539 ; 
of gall-flies, 533 ; of Hymeiioptera, 503 ; 
of Parasitica, 520 ; of Ichneumouidae, 
551 ; of Odonata, 424 ; of Orthopterii. 
201 ; of earwigs, 215 ; of cockroaches, 
236 ; of Mantidae, 258 ; of Phasniidae. 
272 ; of migratory locusts, 297 ; of 
Perlidae, 407 ; of Psocidae, 395 ; ot 
.saw'flies, 518 

Nurseries of Termites, 387 
Nusbauin on emliryology, 149, 152 
Nyctiborides, 240 
Nymph, 157 ; of dragon-fly, 418, 419, 

420, 422, 426 ; of Ephemeridae, 432 1'., 
432, 433, 434, 435, 436 

Nymphidina, 465, 472 
Nyssouides, 565 

Oak-galls, 527 
Occiput, 94 
Ocelli, 97, 282, 313, 400, 409, 430; 

variation in, 267, 536 
Odonata, 4OO f. 
Odoiitocerum ulhicnrne, case of, 480 
Odontura serricauda, 31G 
Oecanthides, 340 
Oecanthns, 339 
Oecodoma—see AUa 
Oedipodides, 304, 300 
Oenocytes, 137. 
Oesophageal “bone,” 391 
Oesophageal nervous ring, 118, 121 
Oesophagus, 114, 124, 403 
Oestropsides, 482 
Oligonephria, 175 
Oligoneiiria (jarumnicn, nymph, 434 
Oligotomamichneli, 351, 354 ; 0. saundersi, 

352 ; 0. insularis, 354 
Ommatidium, 98 
Oiiiscigaster wakcjiddi, 442 

Oniscomorpha, 80 
Ontogeny, 153 
Onychophora, 4 
Oolemm, 144 
Oolitic, 239 
Ootheca of Mantis, 246, 247 

Ophiondlus, 503 

2 p 
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Ophiouides, B57 

Opisthocusinia cervipyga, 215 
OpisthogMtns, 24, 24 n. 
Orders, 172 
Urieiitatioi), 112 
Origin of wings, 206 
Orl-tly, 445 
Ormerod, Miss, on importation of loousts,299 
Ornament, 200, 215, 233 f., 243, 244, 

282, 302, 313, 339 
Orphania dentimuda, 321 
Orthodera ministralis^ 249 
Orthoderides, 251, ^5D 
OrthopMebia, 453 
Orthoptera, 173, 198-340, 407 
Oryssidae, 506 
Oryssus abietinus, 506 ; 0. sayi, 506 
Osborn on Mennpon, 350 
Osmylides, 4^6 
Osniylina, 4-06 
Osmylus chrysops, 341 ; larva, 466 ; 0. 

maculcitiis, 466 
Osten Sacken on similar gall-flies, 532 
Ostia, 48 f., 133, 435 
Oudemans on Thysanura, 182 
Onstalet on Odouata, 422, 423 
Outer margin of wing, 108 
Ov'aries, 137, 138 ; of earwigs, 211 ; of 

Oedipoda, 283, 284 ; of Ferla, 404 ; of 
Thysanura, 188 

Oviduct, 139, 392 
Oviposition, 229, 246, 265, 290, 291, 440 ; 

of Agriotypxis, 557 ; of Cynipidae, 527 
f., Adler on, 529 ; of Encyrtus, 545 ; 
of Ichneumon, 555 ; of iiKpiiline gall¬ 
flies, 532 ; of Meconeina, 321 ; of Fele- 
cinus, 564 ; of Fimpla, 553 ; of Foda- 
grion, 546 ; of sawflies, 513 ; of Sirex, 
509 ; of Xiphidmm, 321 

Ovipositor, 110, 552, 554 ; Cynipid, 524 ; 
of Locusta, development, 314, 315 

Owen, Ch., 40, 78 
Oxyethira, 484 ; 0. costalis, larva, 485 
Oxyhaloides, 234, ZJ/.! 
Oxyura, 533, 534 

Fachycrepk, 550 

Facliytylus cinerascsns, 293, 297, 298, 299, 
308 ; F. marmoratus, 298 ; F. migrator- 
wide«, 298 ; 7'. migratorins, 298, 299, 
308 ; F. nigro/asciatus, 285, 298 

Packard, on cave-Myriapods, 34 ; on air 
sacs of locusts, 283, 294 ; oii elassilioa- 
tiou, 173; on development of Dipla.v, 
419 ; on niay-llies, 430 ; on metmnor- 
])hosis of llanihus. 497 ; on scales, 397 ; 
on s])iral fibre, 129 

Pad, 105 
Paedogenesis, 142 

Pagensteclieron developmentof 247 
Palaeacrididae, 30!) 
Palaeoblattariae, 239 

Fcdaeoblattina douvillei, 238 f. 
Fcdae,oaimpa, 73 
Palaeodiotyoptera, 486 
PalaeoTiiantidae, 259 
Palaeontology, 178 
Falaeophlebia sugjerstes, 427 
Palaeozoic, Myriapods, 76 ; Insects, 343,486 
Falenarthrus, SO 
Falingenia bilineata, 430 ; F.feistmantelii, 

443 ; F. papuana, 441 ; F. virgo, 431 
Palmen, on dragon-fly nymphs, 423 ; on 

Ephemeridae inflation, 439 ; on gills of 
Perliilae, 402 ; on rectal gills, 422 ; on 
tracheal system of immature Ephe¬ 
meridae, 436 

Fcdmon, 546 
Paliuula, 105 
Falophus centaur us, 275 
Falpares, 454 
Palpiger, 95 
Palpus, 95 ; of Fieris brassicae, 122 
Fambolus, 561 
Pamphagides, 303, 310 
FancMora viridis, 229 
Panchlorides, 341 
Panesthiides, 241 
Faniscus virgaius larva, 655 f. 
Fanoipa, 450, 453 ; leg, 104 ; F. com¬ 

munis, 449 ; larva, 452 
Panorpatae, 175, 453 
Panorpidae, 4i0, 451 
Pantel on phonation of Cucidlinera, 304 
Papiriidae, 191 
Paraderm, 164 
Paraglossa, 95, 96, 96 
Faraperipatus, 24 n. 
Parapteron, 100, 101, 102 
Parasites, 540 f., 543 ; external. 555 
Parasitica, 520, 521 
Parasitism, 521 f., 535, 559, 560 
Parthenogenesis, 141, 481, 497, 516 f. 

530 f., 547 ; utility, 517 
Passalidae, mandibles, 95 
Patagia, 102, 103 
Patagonia, 459 
Piiunch, 348, 360, 446, 448 
Pauromet.abola, 158, 199 
Pauropidae, 33, 42, 4'' 
Pauropoda, 47, 57, 77, 79, SO ; structure, 62 
Fauropus, 47 

Pazlav.sky on bedeguar, 527 
Pedicellate, 519 

Peduncuhfte body, 495 
Peleciuidae, 563 

Felecinns polyfuratnr, 663 
Felopaeus spinolae foot, 105, 106 
Perez on Tenues, 366, 382 
Ferga lewisil, 517 
Perililast, 149 

Pericardial septum, 134 ; sinus, 134 : 
tissue, 135 

Feringueyella jocosa, 325 
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Peripatoides, 24 n. 
Peripatopsis, 24 n. 
Peripatus, 1, 6, 23, 77, 79 ; tracheae, 3, 

14, 15 ; affiuitieS; 4 ; external features, 
5 ; head, 6 ; tail, 6 ; colour, 6 ; jaws, 
7 ; legs, 8 ; habits, food, 9 ; breeding, 
10, 19 ; alinientar)' canal, 11 ; nervous 
system, 12, 22 ; body-wall, 13 ; muscles, 
vascular system, 15 ; haeuiocoele, 22, 23 ; 
body-cavity, 16, 22 ; nephridia, 16, 17, 
22 ; reproductive organs, 18 ; develop¬ 
ment, 10, 19, 20, 22 ; species, 24 ; dis¬ 
tribution, 24-26 

Periplaneta americana, 236 ; P. auatrcd- 
aaiae, 221, 236, 239 

Periplanetides, 241 
Perisphaeriides, 241 
Perla, anatomy, 403 f. ; nymph, 400 ; 

P. ceplialotes, 406 ; P. maxima, 400, 
406 ; P. parisiaa, 399 

Perlidae, SQ8 f. 
Perris on Termes, 366, 374 
Petasia, 303 
Petiolata, 496, 503, 519 
Petiolate, 519 
Petiole, 492, 493, 519 
Petioliveutres, 503, 519 
Peyrou on atmosphere in bodies, 131 
Peytoureau on styles of cockroach, 224 
Pezomachus, 556 
Phagocytes, 137, 165 
Phaneropterides, 323, 32S 
Pharynx, 114, 124 
Phasgonuridea, 311 
Phasma, 276 
Phasniidae, 201, 407, 260-278, 277 
Phasmides, 278 
Phasmodes ranoiriformis, 324 
Philnpotamus, 483 
Philopterides, 346, 350 
Phonation, 200, 257, 302, 306 ; of Acri- 

diidae, 284, 304 ; of Locustidae, 318, 
319, 320, 324, 327 ; of Gryllidae, 331 f. ; 
of Grijllotalpa, 834 ; of Bmchytrypes, 332 

Phosphorescent Myriapods, 34 ; may-flies, 

442 
Phragma, 103, 491 
Idiryganmgrandis, 422; P.j;7tosa,pupa,477 

Phryganeidae, 398, 4~^ f- 
Phrvganeides, 4S0 
Phylliides, 267, 278 
Phyllium, 262, 263, 267 f.; P. crxmfolium, 

269 f. ; egg-capsule, structure, 271 ; 
P. scythe, 267, 268 ; egg, 270 ; P. sicci- 

folium, egg, 265 
p'hyllndromia germanica, 229, 236 ; egg- 

capsule, 229 
Phyllodromiides, 240 

Phymateus, 303 
Phytophagous Parasitica, 522, 546,547,557 

Pick, of death-watch. 391 
Pictet on nymphs of Ei)hemeridae, 433 

Pieris, palpus, 122 ; instars, 156 ; para¬ 
sites 561 

Pigment, of iris, 98 ; retinal, 98 
Pillared eyes, 430 
Pimpla, 553, 557 
Pimplides, 557 
Pitfalls of ant-lions, 455, 459 
Planipennia, 342 
Plantula, 105 
Plateau, on marine Myriapods, 30 ; on 

digestion, 127 ; on sight, 416 
Plcdephemera antiqua, 428 
Platyhleimiius lusitanicus, 339 
Platydeis grisea, 312 
Platycnemis, 413 ; P. pennipes, 413, 417 
Platycrania echdis, egg, 265 
Platygaster, embryology, 536 , 
Platyptera, 174 
Platypterides, 259, 344, 428 
Plecoptera, 175, 407 
Plectoptera, 17If, 442 
Pleotopiterinae, 241 
Pleura, abdominal, 498 
Pleuron, 88, 91, 100 
Plica of earwig, 209 
Pneumora scutellaris, 302 
Pneumorides, 299, 302, 309 
Pocock on Myriapods, 33, 80 
Podacanthus loilhinsoni, 272 
Podagrion, parasitism of, 546 
Podeon, 491 
Podura, 194 ; P. aquatica, 194 

I Poduridae, 190 
Poecilwion affinis, 200 
Poisers, 108 
Poison-claws, 36, 58, 60 
Poletajewa, Olga, on dorsal vessel, 133 ; 

on Odonata, 414 
Polistes lanio, parasite of, 564 
Polycentropics, 483 
Polydesmidae, 34, 36, 41ti ^6 
Polydesmoidea, 80 
Polydesmus, 36, 39, 44 
Polymitarcys, 440 
Polymorphism, 500, 536 
Polynema natans, 538 
Polynephria, 175 
Polyxenidae, 43^ 53, 59, 77 
Polyxemts, 33, 37, 48, 55, 72 ; transverse 

section, 56 ; sense-organ, 51 

Polyzoniidae, ^4, 53 
Polyzoimim, 44, 48 
Pompholyx diviorpha, 518 
Pompilides, 494 
Porthetis, 280, 282 
Post-clypeus, 93 
Post-embryonic development, 154 
Post-scutellum, 100, 101 

Potamanthus, 433 
Potts on Mantis, 249 
Poulton on Paniscus, 556 
Praescutum, 100, 101 
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I‘raon, 550 
Pratt, on imaginal iliscs, 107 
Praying Insects, 242 
/'l■estw■ichi(l mpiatica, 508 
Primary larva, 542 
I’rimary segmentation, 150 
/‘risojMs, 272 
I’rocephalic loPes, 97, 160 
Proeliilides, SiiS 
Pmchilus australis, 324 
Proetodaenm, 123, 151 ; in Musca, 124 
Proctotrypidae, 633-5SS 
Production of sex, 499 
Pro-legs, 514 
Pronotal wing-rudiments, 344, 395 
lYonotum, 88, 100 ; oi Xylocopa, 490 
Pronymph, 164 
Prnpleurou, 100, 489 
Propodeon, 491 
Propodeum, 491, 492 
Prosco])iides, 299, 309, 325 
Prosopistonub punctifrons, 435 
Prostemmatic organ, 195 
Prosternum, 88, 100 ; of crabro, 491 
Protection, 513, 515 
Protephemerides, 443 
Prothoracio dorsal appendages, 443 
Prothorax, 102 
Protoplast, 149 
Proto-cerehron, 118 
Protocranium, 92, 93 
Protodonates, 428 
Protoperlidae, 408 
Protosyugnatha, 75 
Prototracheata, ix, 4 
Proventriculus, 114, 124, 125, 450 
Psalts americana, 215 
Psectra distra, 466 
Pselapsoguatha, 4-3 
Psenides, 524, 533 
Pseridoglomeris fornicata, 235 
Pseudoneuroptera, 342 
Pseudonychium, 105 
Pseudophyllides, 328 
Pseudo-sessile, 493 
Psebidotremia, 34, 35 
Psilocnemis dilatipes, 413 
Psocidae, 300 f. 
Psocus fasciaius, 390 ; P. heteromorplms, 

391 
Pteromaliui, 539 
1‘teronarcys frvjida, 398 ; P. regalis, 402 
Pferaplistus, 331 
Pterygogenea, 175, 196 
Pulviilus, 105 
I’lijia, 157, 169 : active, 448, 465, 473, 479 
PLijiation, of Chalcididae, 550 ; ol Kncyrtvs, 

546 ; of I’roctotrypids, 534, 635 
Pupipara, 143 
Pyijidicraua Ivugeli, 202 
Pygidium, 205 
Pylorus, 127 

Pyramids of Egypt, 462 
Pyrrjurnmitis singularis, 252 
Pyrgowiorpha grylloides, 303 

■ Pyrgomorphides, 303, 309 

Queen, 144, 361, 378 

Radiau cell, 524 
Poiphidia, 44'; P'-- notata, 447 ; larva, 

448 
Rapliidiides, 444, 44"f 
Raptorial legs, 242 f., 257, 463, 484 
Ratzelnii’g, on Anouiulon, 553 ; on tro¬ 

chanter, 520 
Ravages of Termites, 388 
Reaumur, on ant-lions, 455 ; on circula¬ 

tion of silkworm, 135 ; on galls, 525 ; 
on may-flies, 438, 441 ; on sawflies, 
512, 513 ; on spheroidal condition, 164 

Receptaculum seminis, 139, 404 
Rectal, gills, 421 f. ; respiration, 435 
Rectum, 125 
Redtenbacher, on migratory locust, 297 ; 

on wing, of UligotovM, 353 ; of Termes, 
359 

Reduviid egg, 145 
Reflex action, 250 
Reproduction of lost parts, 213, 265, 

266 
Re])roiIuctive organs of Ephemeridae, 439 
Resemblance, of eggs to seeds, 265, 270, 

271 ; of one part to another, 208, 266 ; 
of parasite to host, 532 ; histological, 
271 ; of Triclioptera to moths, 484 ; to 
bark, 251 ; to flowers, 254, 255, 256 ; 
to inorganic things, 253, 304, 307 ; to 
leaves, 255, 267, 268, 322 f., 323 ; to 
lichens, 253 ; to other creatures, 235 ; 
to other Insects, 197, 215, 235, 251, 
274, 300, 301, 323, 324, 504, 513, 550 ; 
to vegetatifln, 200, 260, 274 

Respiration [and respiratory' organs], 128- 
132, 431 ; by integument, 483 ; by 
setae, 436 ; of nymphs of Odoiiata, 
420 f. ; of I’erlidae, 401 f. 

Respiratory chamber, 434 
Iletiirala, 98 
Reuter on ventral tube, 192 
Rhabdom, 98 
Rhipipteryx, 337, 338 
Rhizotrogiis egg-tubes, 108 
PJindites rosai’, 498, 527, 528, 531 ; larva, 

532 ; ]iarasite, 539 
llhyacoiiiiilides, 483 
PJiyacophylax, 482 
Rhyiichota, 175 

Rhyparahia muderae, 237 
Ilhyssa peraudsdria, 554 
Riley, on capritication, 549 ; on Cep>hiis, 

505 ; oil ilevelopment of Cidopicnvs, 2C8, 
289 oil galls, 526 f. ; on Katydids, 
320 ; on locust swarms, 293 ; on Micro- 
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centrum, 313 ; ou ovipositing of locust, 
290 ; on subimago, 437 ; on Thcdessa, 
554 

Piitseina on Knoicyla, 481 
Ronalds on anglers’ llies, 441 
Roux ou Xecrophilus, 462 
Royal pairs, 377 
Riilil oil earwig, 213 

Sacs—see Air Sacs 
Sagides, 828 

Salivary glands, 124, 126, 187, 210, 228, 
246, 283, 335, 348, 353, 403, 414, 495 ; 
of Pcripatus, 11 ; of Myriapiods, 48, 
49 

Salivarv receptacle, or reservoir, 126, 228, 
246, 335, 348, 360 

Saltatoria (Ortlioiitera), 201 
Sandwich Islands—see Hawaiian Islands 
Saunders, Sir Sydney, on Scleroderma, 

536 ; on caprification, 548 
Saussure, H. de—see De Saussure 
Savage on Termites, 368 
Saw, 493, 512 
Sawliies—see Tenthredinidae 
Scales, 185, 189, 397 
Scapteriscus, 334 
Scelimena, 301 
Schindler on Malpighian tubes, 246 ; of 

Oryllotalpa, 335 
Scliistocerca, peregrina, 298 ; development, 

287 ; S. americana, 298, 308 
ScMzodactylus monstrosus, 325 
Schizojihthalnii, 459 
Schizotarsia, 35, 4^, 57, 58, 70, 75 ; struc¬ 

ture, 69 
Schletterer on 2iarasitio Hyinenoptera, S62, 

5G3 
Sclerite, 91 
Scleroderma, 536 
Scolia, ovaries, 138 
Scolopendra, 30, 31, 32, 41, 78 
Scolopendrella, 47, 61 
Scolopendrellidae, 33, 42, 4^ 
Scolopendridae, 31, 33, 39, 48, 75 ; sjier- 

inatoiihores, 39 
Scorjiion-llies, 449 f. 
Scudder, on grasshoiijier music, 287 ; on 

Katydids’ music, 320 ; on locusts at 
sea, 297 ; on rejiroduction of lost limbs, 
265 ; on fossil Insects, 486 ; on fossil 
earwigs, 216 ; on fossil niay-Hies, 443 ; 
on fossil Sialidae, 449 ; on Tertiary 
Insects, 179 

Scutellum, 100, 101 
Scuiigera, 35, 36, 48 ; sense organ, 51 
Scutigeridae, 35, 36, 40, 4^, 50 
Scutum, 100, 101 
Secondary, 427, 472 ; larva, 542 
Securifera, 503 
Segmentation, 149, 237 ; of ovum of 

Smicra, 545 

Segments, 88, 90 ; number of, 87 
Selys, He, on dragon-flies, 425, 427 
Semi-pupa, 497 
Sense organs, 121-123 
Senses, 541, 544, 553 
Sericostomatides, 4^4, 482 
Series, 177, 201 
Serosa, 148 
Serrifera, 503 
Sessile abdomen, 493 
Sessiliventres, 492, 496, 503 
Sex, 498, 499, 500 
Sexes, 137 
Sexual organs, external, 141 
Shaw on Orthojitera, 201 
Sialidae, 407, m 
Sialides, 4A2e 
Sialis lutaria, 444 ; eggs, 445, larva, 445 , 

tracheal gill, 446 
Silk, 127 
Silo, parasite of, 558 
Silurian Insect, 238 
Silver fish, 186 
Simple eyes, 97, 184—see also Ocelli 
Sinel, on marine Geophdus, 30 
Siphoiiaptera, 174, 2275 
Sirex, habits of its parasite, 554 ; S. augur, 

509 ; S. gigas, 508, 510 ; ,8. juveiicus, 
608 

Siricidae, 607 ; parasites of, 563 
Siricides, 510 
Sisyra, 467 ; S. fuscatcc larva, 467 
Sisyrina, 467 
Sitaris humcrcdis, early stages, 159 
Sloane, Sir Hans, ou locusts at sea, 297 
Smallest Insect, 537 
Smeathmau ou Termites, 366 f., 381, 383, 

387 
Smicra claiyipes embryology, 545 
Smith, F., ou Oynps, 530 ; on Trigonalys, 

564 
Smynthuridae, 191 
Sniynthurus rariegcdiis, 191 ; S. fuscvn, 

192 
Snow-Insects, 194 
Social, Insects, 85, 361, 369 ; Hymeuoptera, 

488, 500 f. 
Soldiers, 370, 371, 372 
Somites, 87 
Sommer on Macrotoma, 163, 195 
Soothsayers, 242 
Sound production, 358—see also Phona- 

tion 
Spcdhius, 561 
Species, number of—see Number 
Spencer, Herbert, on caste and sex, 500 
Spermatheca, 139, 228, 499 
Spernratophores, 10, 39 
Spermatozoa, 140 
Sphaeropsncus kunowii, 397 
Sphaerotherium, 43 
Sphex chrysis, 490 



582 PERIPATUS-MYRIAPODA-INSECTA 

Spiders eaten, 4(J4, iG[) 
Spinneret, 458 
Spinners, 441 
Spiracles, 89, 111, 128 ; nnmber of, 186 ; 

of dragon-fly nyinpli, 423 ; absent, 436 
—see also Stigmata 

Spiral fibre, 128 
SpongUla Jluviatilis, larva in, 467 
Spontaneous generation, 525 
Spring of Colleinbola, 191 
Spurs, 104 
Stadium, 155, 158 
Stalked, cocoons, 660 ; eggs, 469 
St. Augustine quoted, 85, 565 
Stein on RapMdia larva, 448 
Slelis, parasitic, 544 ; parasitised, 543 
Stem sawfiies, 504 
Stenohnthrus, 308 ; sound - instruments, 

234 
Steuodictyopterides, 3J^J^ 
Stenopelmatides, 321, 329 
Stenophasmus ruficeps, 561 
Stenopht/Ua cornigera, 257, 258 
Steplianidae, 561 
Slephanus, 562 
Sternum, 91, 100 
St. Helena, 389 
Stick-Insects, 260 
Stigma of wing, 524, 534 
Stigmata, 88, 89, 111, 204 ; position, 493 ; 

on head, 193 ; S. re2)ugnatoria, 36—see 
also Spiracles 

Sting, 493 ; and ovipositor, 534 
Stink-flie,s, 469 
Stink-glands, 31, 125, 210, 264, 335 
Stipes, 95 
Stoll on spectres, etc., 254 
Stomach, 114, 124, 125 
Stomato-gastrio nerves, 120, 121 
Stoinodaenin, 123, 151 
Stone-flie.s, 407 
Stratioin.ys sirigosa jiarasite, 545 
Striilulation, 304—see also Phonation 
StuTiimer - Traunfels on Thysanura and 

Collembola, 189 
St. Vincent, island of, 461 
Styles, 224, 288 
Stylopgga orientalis, 223, 228, 231, 236 
Sub-imago, 429, 437 
Sub-Order, 177 
Subulicoriiia, 4-26 
Sucking spears, 466, 467, 470, 471 
Suctorial mandibles, 453, 456 
Super-Orders, 177 
Supplementary Ichneumon-flies, 55S 
Supra-oesophageal ganglion, 117 
Sutures, 92 
Swarms: of locusts, 292-299 ; ofmay-Hies, 

441 ; of 'rerniites, 362 
Sympathetic nervous system, 120 ; absent, 

353 
Rgmplirasis varia, 465 

Symplivla, 42, 46, 77, 79, SO ; structure, 
61 

Syinphyta, 503 
Sympycna fu.sca, 415 
Synaptera, 175 
Syncrgus, 531 
Syngnatha, 44 

TananX, 319 
Tarachddes lucvhrans, 249 
Tarsus, 88, 104, 106 
Taschenberg on jiarthenogenesis, 141 
Tau.sendfu.s.se, 41 
Teeth, 95 
Teginina, 108 ; leaf-like, of Pterochroza, 

322 ; of crickets, 331 ; of earwigs, 205, 
212 ; of Phyllium, 269 ; of Schizodac- 
tyliis, 325 

Tegula, 103, 108 
Tdeganodes, 442 
Telson, 205 
Temples, 94 
Templeton on Lepisma, 195 
Tendons, 116 
Tenthredinidae, 570-518 
Tentliredo sp., 489 ; testes, 140 
Tentorium, 99 
Tepper on fossorial Blattid, 241 
Terebrantia, 520 
Tergum, 91, 100 
Termes, 378, 380 ; T. hicifugus, 359, 360, 

364, 365, 373, 374 : T. mossambicus, 356 ; 
T. bellicosus, 366, 371 ; trophi, 357 ; cell 
of, 367 ; T. accident is, 371 ; T. anniger, 
371 : T. tenuis, 389 ; T. cingnlatus, 371; 
T. dims, 371; T.debdis, 37i : T. viurum, 
383 

Tennitarium, 386, 387 
Termites, 357 f. ; distinctions from ants, 

502 ; wings, 359 ; .anatomy, 360 
Terinitidae, 356 ; number of species, 

389 
Terti.arv, 196, 216, 239, 276, 309, 340, 

398, 427, 442, 449, 453, 472, 485, 53-3, 
551, 5.58 

Testes, 18, 49. 140, 404, 440 ; of Psocid.ae, 
392 ; of Stilopyga oriciUalis, 228 

Tetrnphthahnus chilcnsis, 346 
Tettigides, 299, 300, 309 
Tettix bipunctatns, 300 

Ttudessa larva, 607 ; o\dpositiou, 554 
Thamastcs, 485 
T/Mmnolrizon (ipterus, 316 
Theda egg, 145 
Thelyotoky, 141, 498 
Thennobia fimwrum, 186 
Thliboscelus camel!i/oUns, 319 
Thcrracantha latreillei, 550 
Thorax, 99-103, 101, 103 
Thorax gnircellana wing, 227 
Thyrsophorus, 395 
Thysanoptera, 173 
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Tliysanura, 1S2 f.; distiuctious from Sym- 
pliyla, 61, 77, 79 

Tilda, 88, 104 
Tillus elongattis larva, 90 
Timdes, 483 
TitanophasmafayoU, 276, 428 
Tomaieres citriniis, 454, 458 
Tomognathus, 498 
Tongue, 96—see also Lingua 
Toryniides, 547 

Toxodera, 253 ; T. denticidata, 254 
Trabeculae, 345 
Tracheae, 128 ; absent, 553, 555 
Tracheal gills, 400 f., 401 — see also 

Branchiae 
Tremex columba, 507 
Trias, 449 
Triassic, 239 
Trichijidiis, 76’, 80 
Trichodectes, 350 ; T. latics, 349 
Trichoptera, 342, 473 f. 
Trichostegia, 480 
Tricorythus, 434, 436 
Tridactjditles, 340 
Tridactylus variegatus, 337 
Trigonalidae, 664 
Tngonalys maculifrons, 564 
Trigonidiides, 340 
Trimeii on Tmchypetra bufo, 304 
Trinidad, 501 
Trinoton luridum, 345, 347 
'rrito-cerebroii, 118 
Trochanter, 88, 104, 491, 494, 520 
Trochantin, 104; of cockroach, 222 
Trophi, 91, 94 
Tryphonides, 557 
Tryxalides, 303, 309, 325 
Tryxalis nasuta, 279 
Tubulifera, 520 
Tynipanophorides, 328 
Tympanum, 285 f. 
Tyndall on grasshopper music, 286 

Ulloa, 33 

Uroceridae, 507 
Useless wings, 199, 394, 484, 561 
Uterus, 18, 392 

Vagus nervous system, 120 
Van Rees on metamorjdiosis, 162, 164 
Variation, 536 ; of colour, 252, 288, 304, 

308 ; in desert Insects, 305 : in ocelli, 
267, 395, 536 

Vatiiles, 259 
Vas deferens, 18, 140, 187, 392 
Vayssiere,on nymphs of Ephemeridae, 434 ; 

on lingua, 438 
Veins, 206 
Ventral chain, 116, 187. 414 ; of Perlidae, 

404 
Ventral plate, 148 ; tube, 191, 192 
Verhoetf, 38 

58 

"V erlooren on circulation. 436 
Verte.v, 94 
Vesioula seminalis, 140, 392 ; absent. 404, 

414 
y&spa crahro prosteruuni, 491 
Vestibule, 112 
Vialhines, on head, 87 ; on brain, 118, 

119 ; on metamorphosi.s, 162 
Visceral nervous system, 120 
Vitellophag.s, 147, 152, 168 
Viviparous Insects, 217, 229, 143, 

218 
Voetgangers, 295 f. 
Vom Rath on sense organs, 122 
Voracity, 250, 258 
Vosseler on stink-glands, 210 

Walkeh, J. J., on Australian Termites, 
386 

Walking-leaves, 267 
Walking on perpendicular and smooth 

surfaces, 106 
Walsh on galls, 531 
Wasmann on St. Augustine’s works, 565 
Wattenwj'l, Brunner von—see Brunner 
Weismann, on caste, 500 ; on meta¬ 

morphosis, 162, 166 ; on imaginal discs, 
167 

Westwood, on Forjicula, 204 ; on Helico- 
viitus larva, 460, 461 ; on Lachesilla, 
395 ; on Scleroderma, 536 

Weta-punga, 326 
Wheeler, on Malpighian tubes, 127 ; on 

embryology of Orthoptera, 199 ; on 
embryology of Xiphidium, 321 ; on 
vitellophags, 147, 152, 168 ; on seg¬ 
mentation, 150 

White ants, 356—see Termites 
Wielowiejski on blood-tissue, 133, 137 
Will on brain of Aphididae, 118 
Wingless : caddis-tty, 481 ; earwigs, 205 ; 

Insects, 345, 352, 356, 451, 488, 536, 
547 ; wingless Psocidae, 394 f.—see also 
Apterous 

Wings, 107 ; origin and function, 394 ; of 
Blattidae, 225 f., 227 ; development of, 
in locust, 288 ; in Trichoptera, 479, 480 ; 
of dragon-fly, 413 ; of earwig.s, 206 ; 
of Ephemera, 431 ; growth of, 418 ; 
of Ichneumon and Bracon, 559 ; jjos- 
terior absent, 466, 485 ; wing-hooks, 
494 ; veins, 107—see also Tegmiua and 
Alar Organs 

“Wire-worm,” 29, 36 
Wistinghausen on tracheae, 129 
Wood-Mason on Cotylosoma, 272; on 

mandibles, 95 ; on Mantidae, 251, 253 ; 
on Oligotoma, 352 ; on idionatiou of 
Mantidae, 258 

Woodworth on embryology, 146, 153 
Workers, 361, 374, 488, 495 
Wyandotte Caves. Myri.apods in, 34 
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Xamheu on Pahnon, 54G 
Xeropliyllum simile, 301 
Xiphidium ensiferum, 321 
Xiphocera asina, 303 
Xi/lobiiis, 73, 76, 80 
XylocDpa, 49i ; iiietiuiioriihosis, 170 ; prO' 

notum, 490 
Xyphidriides, 507 f., 510 

Yolala, 298 
Yolk, 19, 64, 145, 152, 545 

Zephroniidae, so 
Zinnuei'iiuinu on caudal respiration, 435 
Zittel, figure i'roiu, 276 
Zyrinenn embryo, 161 
Zygopterides, 4^6 ; iiyiuplis, 422 
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reasonable compass and handy form containing a trustworthy treatment of the 
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such a vast fund of information on the structure and habits of molluscs.” 
KNO WLEDGE.—“If succeeding volumes are like this one, the Cambridge Natural 

History will rank as one of the finest works on natural history ever jmblished.” 
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tion to lecturers and students only ; and, if the forthcoming volumes reach the 
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M.A.—Insects. Part I. By David Sharp, M.A. Cantab., M.B. Edin., F.R.S. 

FIELD.—“Although written for the student and the specialist, the book is not 
the less adapted to all intelligent readers who wish to make themselves thoroughly 
acquainted with the habits, structure, and the modern classification of the animals 
of which it treats. To such it cannot be recommended too strongly. ” 

SCIENCE GOSSIP. — “ Every library, school, and college in the country should 
possess this work, which is of the highest educational value.” 

Prof. RAPHAEL MELDOLA, F.R.S., F.C.S., in his Presidential Address to the 
Entomological Society of London, said :—“ The authors of this volume are certainly 
to be congratulated upon having furnished such a valuable contribution to our litera¬ 
ture. When its successor appears, and I will venture to express the hope that this 
will be at no very distant period, we shall be in possession of a treatise on the 
natural history of insects which, from the point of view of the general reader, will 
compare most favourably with any similar work that has been published in the 
English language.” 

ENTOMOLOGIST’S MONTHLY MAGAZINE.—venture to think the 
work will be found indispensable to all who seek to extend their general knowledge 
beyond the narrowing influence of exclusive attention to certain orders or groups, 
and that it will take a high position in ‘The Cambridge Natural History’ series.” 
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By David Sharp, M.A., F.R.S. 

SATURDAYREVIEIF.—“Dr. Sharp’s treatment is altogether worthy of the 
series and of his own high scientific reputation. But in a work of this sort it is 
not only necessary that information should be accurate, but also that it shall be 
presented to the eye, so far as illustrations and printing are concerned, in such a 
way as to render its matter as easily intelligible as possible, and readily usable 
for purposes of reference. Under both these heads wo have nothing but commenda¬ 
tion for Mr. Sharp’s treatise. The illustrations are indeed beautiful, and the use 
of the heavy typo for the headings of the various sections and leading paragraphs 
materially helps the reader in the progress of his study. Certainly this is a book 
that should be in every entomologist’s library.” 

DAILY NEJFS.-—“ It would bo hard to say too much in praise of this most 
admirable volume. It is too often the case that scientific books are written in a 
dull and uninteresting style. The reader will find nothing of that kind to complain 
of here. The descriptions are clear, the illustrations are excellent; while, as in the 
previous volumes of the series, printing and paper are all that could be desired.’’ 
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a'standard work of the highest class.” , . , u x-f, 
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the tit-bits of natural history. ... A book full of accurate information and pleasant 

^^^^TMiNINO POST.—“ A delightful as well as a serviceable book. _. . . Herein 
nerhaps lies the great charm and merit of Dr. Gadow’s book, that, while satisfying 
ill the iiiQuiries^of the student, it is also in great part written for the ordinary 
intelligence, and the naturalist in the crowd may, while necessarily gliding over dis¬ 
tressing technicalities, find in its pages many hours of profitable and entertaining 

studv of the habits of the classes under notice. ’ ■ ■ . v, x u 
NATURE—“ In concluding the review we would express the opinion that y 

this handsome volume a very important addition to science has been made ; that 

the beautiful illustrations, together with the clear and charming accounts of t e 
life-histories which it contains, will do much to popularise the study of a rather 
necrlected section of zoology ; and that lovers of Reptiles, of which there are, more 
than one generally thinks, will feel that the new knowledge iniparted to them 
emanates from one who is thoroughly in sympathy with their enthusiasm. 
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IBIS —“Mr. Evans has produced a book full of concentrated essence of 
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thiffxcellent SeriesIrplanned to consist, none will secure a wider popularity than 

Mr. Evans’s treatise on birds. Strange as .^vTat Jov3e s^^^^ 

which he has crowded between his two covers. useful in 
ctnrwUCFj GOSSIP—“General readers will find this work most useiui 

^^'^SATUm)^Tr^RE^ and the novice alike nuist be at once 

deltohtefb? the fclraty and the beaufy of the illustrations. . . /t i!i" “ 
ing to note the mass of information the author has been able 
With a little practice any observant person would soon learn by the help ot tk 
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T TTF'RATURE—‘‘The classification—in the main that of Di. ^ ^ . 

j ■ Wp The seneral account prefixed to the Orders and Sub-Ordeis is 

of the work is beyond all challenge. 
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